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[57] ABSTRACT

This invention relates to novel benzospiran derivatives
embraced by the formula

[(11] 4,010,201
[45] Mar. 1, 1977

wherein the sum of A and B is at least the integer 2; A
is selected from the group consisting of —(CH,)5
wherein # is | through 5 and —(CHHz,—:XY)—
wherein X is selected from the group consisting of
hydroxy, acetoxy, amino and acetamido and Y is hy-
drogen, and X when taken together with Y is selected
from the group consisting of =0 and =CR*R* wherein
R? and R* are selected from the group consisting of
hydrogen and lower alkyl of 1 through 3 carbon atoms;
B is absent or —(CHj)5 wherein n is I through 3; R'is
selected from the group consisting of hydrogen and
lower alkyl of 1 through 3 carbon atoms; R? is selected
from the group consisting of hydrogen, lower alkyl of 1
through 3 carbon atoms,

o
]

—(CH,),CAr

wherein . is 2 through 5 and Ar is phenyl having zero
through three substituents selected from the group
consisting of lower alkyl of 1 through 3 carbon atoms,
lower alkoxy of 1 through 3 carbon atoms, bromine,
chlorine and fluorine; R! and R? taken together with
—N< is a saturated heterocyclic amino radical se-
lected from the group consisting of unsubstituted and
substituted pyrrolidino, piperidino, and hexame-
thylenimino; Z is selected from the group consisting of
hydrogen, lower alkyl of 1 through 3 carbon atoms,
lower alkoxy of 1 through 3 carbon atoms, nitro,
amino, monoalkylamino of 1 through 3 carbon atoms,
acylamido of 1 through 4 carbon atoms, bromine, chlo-
rine and fluorine; and a pharmacologically acceptable
acid addition salt thereof. It also relates to intermedi-
ates and processes for the preparation of the aforesaid
novel compounds (1) and novel derivatives thereof.
The administration to humans and animals of the novel
compounds ( 1) depresses their central nervous systems
and lowers their blood pressures.

3 Claims, No Drawings
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1
ORGANIC COMPOUNDS

This is a division, of application Ser. No. 460,449,
filed Apr. 12, 1974 and now U.S. Pat. No. 3,932,425,

BRIEF SUMMARY OF THE INVENTION

This invention relates to novel organic compounds,
particularly novel benzospiran derivatives embraced by
the formula

B R! !
/s
z N
N

A R?

wherein the sum of A and B is at least the integer 2; A
is selected from the group consisting of -(CH,)z
wherein n is 1 through 5 and —(C,H,,,XY )— wherein
X is selected from the group consisting of hydroxy,
acetoxy, amino and acetamido and Y is hydrogen, and
X when taken together with Y is selected from the
group consisting of =0 and =CR¥R* wherein R? and R*
are selected from the group consisting of hydrogen and
lower alkyl of 1 through 3 carbon atoms; B is absent or
—(CH,)5 wherein n is 1 through 3; R! is selected from
the group consisting of hydrogen and lower alkyl of 1
through 3 carbon atoms; R? is selected from the group

consisting of hydrogen, lower alkyl of 1 through 3 car-
bon atoms,

—(CH,),},!Ar

wherein n is 2 through 5 and Ar is phenyl having zero
through three substituents selected from the group
consisting of lower alkyl of 1 through 3 carbon atoms,
lower alkoxy of 1 through 3 carbon atoms; bromine,
chlorine and fluorine; R! and R? taken together with
—N< is a saturated heterocyclic amino radical se-
lected from the group consisting of unsubstituted and
substituted pyrrolidino, piperidino, and hexame-
thylenimino; Z is selected from the group consisting of
hydrogen, lower alkyl of 1 through 3 carbon atoms,
lower alkoxy of 1 through 3 carbon atoms, nitro,
amino, monoalkylamino of 1 through 3 carbon atoms,
acylamido of 1 through 4 carbon atoms, bromine, chlo-
rine and fluorine; and pharmacologically acceptable
acid addition salts thereof.

The preferred compounds of this invention embraced
by Formula I, immediately above, are those having the
formula

B R 1
7
F3 N

A

0
1l
(CH,),CAr

which are inclusive of those represented by the formu-
lae
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(la),
rA
Rl
/
N
(CH,),CAr
Rt (1b)
Ve
¥4 N
Il
(CH,).CAr
R.'l
and
R! (tc)
/
N [¢]
i
(CH,)CAr

wherein A, B, Ar, n, R!'and Z have the same me.aning
as above and R?® is selected from the group consisting of
hydrogen, hydroxy and methylene; and a pharmacolog-
ically acceptable acid addition salt thereof.

Examples of Ar are phenyl, m-chlorophenyl, p-
fluorophenyl, m-ethylphenyl, o-methylphenyl, 3,4-
dimethoxyphenyl, 2,4-dimethylphenyl, 2-bromo-§-
ethylphenyl, 2-chloro-3,5-dipropylphenyl and 2,4,6-tri-
chlorophenyl. Examples of lower alkyl of 1 through 3
carbon atoms are methyl, ethyl, propyl and isopropyl.
Examples of lower alkoxy of 1 through 3 carbon atoms
are methoxy, ethoxy, propoxy, and isopropoxy. E)‘(am-
ples of unsubstituted and substituted pyrrolidlpq, piper-
idino and hexamethylenimino are pyrroll.dmo, 2-
methylpyrrolidino, piperidino, 2-ethylpiperidl‘no, hex-
amethylenimino, 3-methoxyhexamethylenimino and
2-ethyl-4-methylhexamethylenimino. Examples of

il
~—(CH,),CAr

is phenyl having from zero through three substitugnts
selected from the group consisting of fluorine, chlorine,
bromine, lower alkyl of 1 through 3 three carbon atoms
and lower alkoxy of 1 through 3 carbon atoms, are:
4-0x0-4-(p-fluorophenyl)butyl, 4-oxo-4-(2-chloro-1-
methylphenyl)butyl, 4-oxo-4-phenylbutyl, 4-oxo-4-(p-
tolyl)butyl, 4-oxo-4-(p-methoxyphenyl)butyl, 4-oxo-4-
(p-chlorophenyl)butyl, 4-0x0-(2-bromo-4-chloro-
phenyl)butyl, 3-ox0-3-(p-bromophenyl )propyl, 5-oxo-
4-(o-ethoxyphenyl)pentyl, and the isomeric forms
thereof. Examples of monoalkylamino of 1 through 3
carbon atoms are methylamino, ethylamino,
propylamino and isopropylamino. Examples of
acylamido of 1 through 4 carbon atoms are for-
mylamido, acetamido, proprionamido and isopro-
pionamido. _
The novel benzospiran compounds of Formula I exist
either in the non-protonated (free base) form or in the
protonated (acid addition salt) form, depending on the
pH of the environment. They form stable protonates,
i.e., acid addition salts, on neutralization of the free
base form with suitable acids, for example, hydrochlo-
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ric, hydrobromic, sulfuric, phosphoric, nitric, acetic,
propionic, palmitic, benzoic, salicylic, hexynoic, phe-
nylbutyric, naphthoic, glycolic, succinic, nicotinic, tar-
taric, maleic, malic, pamoic, methanesulfonic, citric
and lactic acids, and the like. Conversely, the free base
of the novel compounds of Formula I can be obtained
from a salt (e.g., from the hydrochloride or sulfate
salts) by neutralization with a base such as sodium
hydroxide, extracting with an immiscible solvent, for
example chloroform, drying the extract, for example,
with anhydrous sodium sulfate, and removing the sol-
vent by evaporation.

The novel compounds of generic Formula I, above,
include those of three types, namely, 3',4’-dihydro-
spiro[cyclohexane-1,1’(2'H)-naphthalene s having the
general structure

(la})

R!
Ve
N
AN

R?

spiro{cyclohexane-1,2'-indan}s of the general struc-
ture

(b) CN

OH —>7Z

(1b)

RrR®

and spiro[cyclohexane-1,2'-tetralin]s of the general

10 structure

R! (lc)

wherein RY, R? and Z have the same meaning as above
and RS is selected from the group consisting of hydro-
gen, hydroxy and methylene.

The novel compounds of Formula I (a, b and c),

25 above, and intermediates therefor are prepared in ac-

cordance with the procedures of Processes A, Band C,
respectively, described below.

Process A

The following sequence of formulae illustratively
represents procedures for the preparation of com-
pounds of Formula I(a).

AN

(a) CN

)

e
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-continued
(c) CHO (k) CHO
z o
o
(d) CHO
0
z o}
(e) CH=CHCOOR (f) CH=CHCOOR

s, 04

(1) CH=CHCOOR

v OR N

(h) CH,CH,COOH (g) CH,CH,COOR (m) CH,CH,COOR

| |
O — -0

(i) CH,CH,COCH (n) CH,CH,COOH

|
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1(a)

wherein Ar, n and Z have the same meaning as above,
R is lower alkyl of 1 through 3 carbon atoms, the sym-
bol -N) represents a saturated heterocyclic amino
radical selected from the group consisting of unsubsti-
tuted and substituted pyrrolidino, piperidino and hex-
amethyleneimino and X is selected from the group
consisting of chlorine, bromine and an anion of a phar-
macologically acceptable acid addition salt.

The compounds embraced by Formula 1(a) of the
flowsheet designated Process A, above, are prepared
by the procedures indicated therein, employing the
methods and reactions described below.

1. The first step of the process comprises reducing a
known 4-cyano-4-phenylcyclohexanone (a), e.g., with
sodium borohydride (in a solvent such as tetrahydrofu-
ran) at low temperature, to yield a corresponding 4-
cyano-4-phenylcyclohexanol (b).

2. A thus produced 4-cyano-4-phenylcyclohexanol
(b) obtained in step (1) is directly reduced, e.g., with
lithium aluminum hydride (in a solvent such as tetrahy-
drofuran) at elevated (reflux) temperature, to give a
corresponding 4-hydroxy-1-phenyl-1-cyclohexanecar-
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boxaldehyde (c). This compound is also prepared via
the tetrahydropyranyl ether of (b).

3. A 4-hydroxy-1-phenyl-1-cyclohexanecarboxalde-
hyde (c) produced in step (2) is first converted to its
corresponding tetrahydropyranyl ether (d) (e.g., by
mixing it will dihydropyran in the presence of an acid
catalyst such as p-toluenesulfonic acid in a solvent such
as ether), then the formyl function of said ether (d)
alkyllated via the Wittig reaction (e.g., by reacting it
with a mixture of a trialkylphosphonoacylate, in a sol-
vent such as tetrahydrofuran, and sodium hydride,
followed by heating at reflux) to give a corresponding
alkyl-4-hydroxy- | -phenylcyclohexaneacrylate tetrahy-
dropyranyl ether (e) followed by hydrolysis of said
compound (e); for example, with an alkanol (such as
methanol) acidified with an acid such as hydrochloric
acid, to give a corresponding alkyl-4-hydroxy-1-
phenylcyclohexaneacrylate (f).

5. An alkyl-4-hydroxy-1-phenylcyclohexane-3-pro-
pionate (g) obtained in step (4) is hydrolyzed, e.g., by
heating it at reflux with an alkali metal hydroxide (such
as sodium hydroxide) in an alkanol (such as methanol)
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to yield a corresponding 4-hydroxy-1-phenylcyclohex-
ane-3-propionic acid (h).

6. The next step of the process comprises oxidizing
the 4-hydroxyl function of a 4-hydroxy-1-phenylcy-
clohexane-3-propionic acid (h) produced in step (5),
e.g., with Jones reagent (chromium trioxide - sulfuric
acid), preferably at ice bath temperature, to yield a
corresponding 4-oxo- 1-phenylcyclohexane 3-propionic
acid (i).

The compounds embraced by intermediate (i) can
also be prepared by another method, namely, via alkyl-
ene ketals, as follows:

I. A 4-cyano-4-phenylcyclohexanone (a) is ketal-
ized, e.g., by heating (at reflux) in benzene with an
alkylene glycol (in the presence of a catalyst such as
p-toluenesulfonic acid), to yield a corresponding 4-
cyano-4-phenylcyclohexanone alkylene ketal (j).

2'. A 4-cyano-4-phenylcyclohexanone alkylene ketal
()) produced in step (1') is converted with about 0.5
mole equivalent of lithium aluminum hydride (in a
solvent such as tetrahydrofuran) at room temperature
to a corresponding imine, followed by its hydrolysis
(e.g., in a solvent such as tetrahydrofuran with an acid
such as hydrochloric acid), to yield a corresponding
4-oxo-1-phenylcyclohexanecarboxaldehyde 4-alkylene
ketal (k).

3. A 4-oxo-1-phenylcyclohexanecarboxaldehyde
4-alkylene ketal (k) produced in step (2') is alkylated
via the Wittig reaction (e.g., by reacting it with a mix-
ture of a trialkylphosphonoacetate, in a solvent such as
tetrahydrofuran, and sodium hydride, followed by heat-
ing at reflux) to give a corresponding alkyl-4-oxo0-1-
phenylcyclohexaneacrylate alkylene ketal (1).

4'. An alkyl-4-oxo-1 phenylcyclohexaneacrylate al-
kylene ketal (1) prepared in step (3') is reduced cata-
Iytically (e.g., with hydrogen in the presence of palla-
dium on carbon), to give a corresponding alkyl-4-oxo-
1-phenylcyclohane-3-propionate alkylene ketal (m).

5’. An alkyl-4-oxo-1-phenylcyclohexane-3-propion-
ate alkylene ketal (m) obtained in step (4') is hydro-
lyzed, e.g., by heating it at reflux with an alkali metal
hydroxide (such as sodium hydroxide) in an alkanol
(such as methanol), to give a corresponding 4-oxo-1-
phenylcyclohexane-3-propionic acid alkylene ketal
(n).

6. In this step, the alkylene ketal protective group of
a 4-oxo-1-phenylcyclohexane-3-propionic acid alkyl-
ene ketal (n) produced in step (5') is removed by em-
ploying conventional reagents and procedures, e.g., by
stirring an aforesaid compound with a dilute aqueous
acid (e.g., hydrochloric) in acetone at moderate
{room) temperature for a long (6 to 60 hour) period, to
give a corresponding 4-oxo-1-phenylcyclohexane-3-
propionic acid (i), also produced by the method ending
with step (6), above.

7. A 4-oxo-1-phenylcyclohexane-3-propionic acid (i)
prepared in step (6) or (6') is cyclized, e.g., by allowing
it to stand at room temperature for from about 15 to
about 80 hours with liquid hydrogen fluoride, to yield a
corresponding spiro{ cyclohexane-1,1’(2'H)-naph-
thalene]-4,4'(3'H)-dione (o).

8. A spirof[cyclohexane-1,1'(2'H)-naphthalene]-
4,4'(3'H)-dione (o) prepared in step (7) is monoketal-
ized at the non-conjugated least hindered carbonyl!
function, e.g., by heating (at reflux) in a solvent such as
benzene with an alkylene glycol (in the presence of a
catalyst such as p-toluenesulfonic acid), to yield a cor-
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12
responding spiro[cyclohexane-1,1'(2’'H )naphthalene}-
4.4'(3'H)-dione, 4-(2, 2—dialkyltrimethylene ketal) (p).

9. A spiro[cyclohexane-1,1'(2'H)-naphthalene]-
4,4’(3'H)-dione, 4-(2,2- dlalkyltrlmethylene ketal (p)
produced in step (8) is reduced at the 4’-position, e.g.,
by long (about 12 to about 18 hours) heating (at re-
flux) with hydrazine hydrate and an alkali metal base
such as sodium hydroxide in a solvent such as an alkyl-
ene glycol (e.g., ethylene glycol) to give a correspond-
ing  3’,4'-dihydrospiro[cyclohexane-1,1'(2'H)-naph-
thalene]-4-one, 2,2-dialkyltrimethylene ketal (g).

10. In this step, a 3’,4’-dihydrospiro[cyclohexane-
1,1'(2'H)-naphthalene]-4-one, 2,2-dialkyltrimethylene
ketal (q) prepared in step (9) has its ketal protective
group removed by hydrolysis, e.g., by mixing it with an
acid (such as hydrochloric acid) in a solvent (such as
acetone) at moderate (room) temperature for from
about 2 to about 10 hours, to yield a corresponding
3',4'-dihydrospiro[ cyclohexane-1,1'(2'H)-naph-
thalen}-4-one (r).

11. A 3',4’-dihydrospiro[cyclohexane-1,1'(2'H)-
naphthalen]-4-one (r) produced in step (10) has its
4-keto function reduced, e.g., by mixing said com-
pound in a solvent such as ethanol with sodium borohy-
dride at moderate (room) temperature for from about
3 to about 8 hours, to produce a corresponding 3',4'-
dihydrospiro[ cyclohexane-1,1'(2H)naphthalen]-4-ol
(s).

12. Letting stand (preferably at low temperature for
from about 3 to about 14 hours) a mixture of a 3',4'-
dihydrospiro[ cyclohexane-1,1'-(2"H)-naphthalen]-4-
ol (s) obtained in step (11) in an amine base (e.g.,
pyridine) and a lower alkyl sulfonyl halide (such as
methanesulfonyl chloride), yields a corresponding 3’,-
4’'-dihydrospiro[ cyclohexane-1,1*(2"H)naphthalen]-4-
ol lower alkyl sulfonate (t).

13. A 3',4’-dihydrospiro[cyclohexane-1,1'(2'H)-
naphthalen]-4-ol alkyl sulfonate (t) resulting from step
(12) and sodium azide in a solvent such as dimethyl-
formamide, on heating (at from about 65° to about
100° C. for from about 4 to about 24 hours), yields a
corresponding 3',4'-dihydrospiro{cyclohexane 1,1'(-
2'H)-1,1"(2'H)-naphthalen}-4-ylazide (u).

14, A 3'4’-dihydrospiro[cyclohexane-1,1'(2'H)-
1,1’(2'H)-naphthalen]-4-ylazide (u) obtained in step
(13) on reduction of its azido function, e.g., by reacting
said compound with lithium aluminum hydride in a
solvent such as tetrahydrofuran at moderate (room
temperature for from about 3 to about 10 hours, yields
a corresponding 3',4'-dihydrospiro[ cyclohexane-1,1"(-
2'H)-naphthalen}-4-ylamine {I(a)] in its free base
form. On treating an ether extract of a thus produced
compound with an ethereal solution of a suitable (phar-
macologically acceptable) acid, its acid addition salt
form is obtained.

The free base or acid addition salt forms of the 3',4'-
dihydrospiro[cyclohexane-1,1'(2'H)-naphthalen]-4-
ylamines [I(a)] obtained as in step (14), above, are
employed as starting materials for producing a variety
of derivatives thereof, for example, in accordance with
the methods described in (a) through (e) that follow.

a. Heating (e.g., under reflux for from about 8 to
about 24 hours) a 3',4’-dihydrospiro{cyclohexane-
1,1'(2’H)-naphthalen]-4-ylamine [I(a)] obtained in
step (14) with a dihaloalkane, gives a corresponding
(1-single ring nitrogen containing heterocyclo)-3',4'-
dihydrospiro(cyclohexane-1,1'(2'H)-naphthalen)-4-yl
[1(a)], which on dissolving in ether and treating with an
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ethereal solution of an appropriate acid, yields the
corresponding acid addition salt. For example, heating
a 3',4’-dihydrospiro[ cyclohexane-1,1'(2'H)-naph-
thalen]-4-ylamine [I(a)] with 1,5-diiodopentane, 1,4-
dibromobutane or 1,6-diiodohexane, yields, respec-
tively a corresponding 1-[3',4’-dihydrospiro(cyclohex-
ane-1,1'(2'H)-naphthalen)-4-yl]piperidine [I(a)], a
1-[3’,4’-dihydrospiro{ cyclohexane-1,1'(2'H)-naph-
thalen)-4-yl)pyrrolidine [I{(a)] or a 1-{3',4'-dihydros-
piro(cyclohexane-1,1'(2'H)-naphthalen)-4-ylhex-
amethyleneimine [I(a)], which can be converted to
their acid addition salts in the manner described in the
immediately preceding sentence.

b. The production of a compound selected from the
group consisting of the free bases and acid addition
salts of a 4-[3',4'-dihydrospiro[cyclohexane-1,1'(-
2'H)-naphthalen]-4-ylaminoJ]alkanophenone of the
formula

I(a)

H o)
| i
N(CH,},CAt

wherein Ar, n and Z have the same meaning as above,
comprises reacting (in the presence of an alkali metal
iodide and an alkali metal carbonate) a corresponding
compound obtained as in step (14) selected from the
group consisting of the free bases and acid salts of a
compound of the formula

1(a)

7

N
H

wherein Z has the same meaning as above, with a corre-
sponding compound of the formula

.
L/

X(CHy),=™—C—Ar
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14
wherein Ar, R and n have the same meaning as above
and X is selected from the group consisting of chlorine
and bromine, followed by hydrolyzing (i.e., deketaliz-
ing a thus produced compound, e.g., with aqueous acid
in an alkanol.

c. Reacting a 3’,4'-dihydrospiro{cyclohexane-1,1'(-
2'H)-naphthalen]-4-ylamine [I(a)] obtained as in step
(14), in an amine base (such as pyridine) in the cold
with a lower alkyl haloformate (e.g., ethyl chlorofor-
mate, methylbromoformate or propyl chloroformate),
yields a corresponding lower alkyl 3',4'-dihydrospiro[ -
cyclohexane-1,1'(2'H)-naphthalene]-4-carbamate  of
the formula

i(a)

NHCOR
Il
0

wherein R and Z have the same meaning as above.

d. A lower alkyl 3',4'-dihydrospirofcyclohexane-
1,1’(2'H)-naphthalene ]-4-carbamate I(a), prepared as
in (¢} immediately above, is reduced, for example, by
heating it in a solvent such as tetrahydrofuran (e.g.,
under reflux for from about 8 to about 24 hours] with
lithium aluminum hydride, to yield a corresponding
3',4'-dihydrospiro[cyclohexane-1,1’(2'H)-naph-
thalen]-4-yl-N-lower alkylamine [I(a)], which on dis-
solving in ether and treating with an ethereal solution
of an appropriate acid gives a corresponding acid addi-
tion salt thereof.

e. Following the procedure of (b), above, but substi-
tuting as starting material the free base or acid addition
salt of a 3’,4'-dihydrospiro{cyclohexane-1,1'-(2'H)-
naphthalen}-4-yl-N-lower alkylamine [I(a)], obtained
as in (d) immediately above, yields a corresponding
4-[3',4'-dihydrospiro[ cyclohexane-1,1'(2'H)-naph-
thalen]-2 through 5-yl-N-lower alkylamino]alkanophe-
none {I(a)], or an acid addition salt thereof.

Process B

The following sequence of formulae illustratively
represents procedures for the preparation of com-
pounds of Formulae I(b).

HO—@—COOR — HO—O—COOR —_> 0=<:>-cooa

L)

12}

[H\L
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CH, 1(b)
wherein Ar, n,

—_ ND.‘

R, X and Z have the same meaning as in Process A,
above.

The compounds embraced by formula I(b) of the
flowsheet designated Process B, above, are prepared by
the procedures indicated therein, employing the meth-
ods and reactions described below.

1. The first step of the process comprises reducing an
alkyl p-hydroxy benzoate [ 1] (prepared as in Ann. 141,
247), e.g., by hydrogenating it in the presence of a
catalyst (such as 5 percent rhodium/aluminum) in a
solvent (such as absolute ethanol) at room tempera-
ture, to yield a corresponding alkyl-4-hydroxycy-
clohexane carboxylate [2].

2. An alkyl-4-hydroxycyclohexane carboxylate [2]
obtained in step (1) is oxidized at the 4-position, e.g., in
acetone with Jones reagent at low temperature (at from
about 5° to about 20° C.) to give a corresponding 4-car-
boalkoxy-1-cyclohexanone [3].

3. A 4-carboalkoxy-1-cyclohexanone [3] prepared in
step (2) is ketalized at the 4-position, e.g., by heating
(at reflux) in benzene with an alkylene glycol (in the
presence of a catalyst such as p-toluenesulfonic acid)
for from about 4 to about 8 hours, to yield a corre-
sponding 4-carboalkoxy-1-cyclohexanone alkylene
ketal (4].

4. A 4-carboalkoxy-1-cyclohexanone alkylene ketal
[4] obtained in step (3) on reaction with lithium diiso-
propyl amide (prepared by adding butyl lithium in a
solvent such as pentane to diisopropylamine in a sol-
vent such as tetrahydrofuran at low temperature) fol-
lowed by addition of a benzyl halide (such as a-
bromotoluene, a-chloro-p-xylene, a-bromo-m-xylene,
m-methoxybenzyl chloride, and the like), yields a cor-
responding 4-benzyl (or substituted benzyl)-4-car-
boalkoxy-1-cyclohexane alkylene ketal [5].

5. A 4-benzyl (or substituted benzyl)-4-carboalkoxy-
1-cyclohexane alkylene ketal [5] obtained in step (4) is
saponified, e.g., by heating (at reflux for from about 10
to about 24 hours) in a solvent such as ethylene glycol
with an alkali metal hydroxide (such as potassium hy-
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droxide), to give a corresponding 4-benzyl (or substi-
tuted benzyl)-4-carboxy-1-cyclohexanone alkylene
ketal [6].

6. A 4-benzyl (or substituted benzyl)-4-carboxy-1-
cyclohexanone alkylene ketal [6] prepared in step (5)
is deketalized, e.g., by stirring it with a dilute aqueous
acid (e.g., hydrochloric acid) in acetone at moderate
{room) temperature for from about 6 to about 60
hours, to give a corresponding 1-benzyl (or substituted
benzyl)-4-cyclohexanone-1-carboxylic acid [7].

7. Reacting a l-benzyl (or substituted benzyl}-4-
cyclohexanone-1-carboxylic acid [7] obtained in step
(6) with hydrogen fluoride at room temperature (or
with phosphorus pentachloride at reflux temperature,
followed by treatment with stannic chloride), gives a
corresponding unsubstituted or substituted siro{cy-
clohexane-1,2'-indan)-1',4-dione [8].

8. An unsubstituted or substituted spiro(cyclohex-
ane-1,2'-indan)-1,’4-dione [8] obtained in step (7) is
ketalized at the 4-position, e.g., by heating (at reflux)
in benzene with an alkylene glycol (in the presence of
a catalyst such as p-toluenesulfonic acid) for from
about 3 to 7 hours, to yield a corresponding unsubsti-
tuted or substituted spiro(cyclohexane-1,2'-indan)-
1’,4-dione 4-alkylene ketal [9].

9. A spiro(cyclohexane-1,2"-indan)-1’,4-dione 4-
alkylene ketal [9] prepared in step (8) on being sub-
jected to Wolff-Kischner reduction, namely, by heating
it (at reflux) with hydrazine hydrate and an alkali metal
hydroxide (such as potassium hydroxide) in a solvent
such as ethylene glycol for from about 8 to about 12
hours, gives a corresponding spiro(cyclohexane-1,2'-
indan)-4-one alkylene ketal [10].

10. A spiro(cyclohexane-1,2'-indan)-4-one alkylene
ketal [10] obtained in step (9) is deketalized, e.g., by
stirring it with a dilute aqueous acid (such as hydro-
chloric acid) in acetone for from about 3 to about 8
hours, to give a corresponding spiro(cyclohexane-1,2’-
indan)-4-one [11].

11. A spiro(cyclohexane-1,2-indan)-4-one [11] ob-
tained in step (10), on heating at reflux for from about
4 to about 8 hours with an acid addition salt of hydrox-
ylamine and an alkali metal hydroxide such as sodium
hydroxide, yields a corresponding spiro(cyclohexane-
1,2'-indan)-4-one oxime [12].
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12. A spiro(cyclohexane-1,2'-indan)-4-one oxime
{12] prepared in step (11), on standing in a solvent
such as tetrahydrofuran with an anhydride of a hydro-
carbon carboxylic acid in the presence of an esterifica-
tion catalyst (e.g., pyridine) at moderate (room) tem-
perature for from about 4 to about 8 hours, yields a
corresponding  spiro(cyclohexane-1,2'-indan)-4-one
oxime acylate {13].

13. A spiro(cyclohexane-1,2'-indan)-4-one oxime
acylate [13] produced in step (12), on reducing its
oxime function, e.g., by reacting said compound with
diborane in a solvent such as tetrahydrofuran (prefer-
ably at low temperature), yields a corresponding spi-
ro(cyclohexane-1,2"-indan)-4-amine [I(b)] in its free
base form, which on extracting with ether and treating
said extract with an ethereal solution of a suitable
(pharmacologically acceptable) acid, gives the corre-
sponding acid addition salt form.

The compounds embraced by the spiro(cyclohexane-
1,2’-indan)-4-amines and their acid addition salts
{1(b)], immediately above, can be prepared by another
method, as follows:

11'. A spiro(cyclohexane-1,2’-indan)-4-one {11]
obtained in step (10) has its 4-keto function reduced,
e.g., by mixing said compound in ethanol with sodium
borohydride at moderate (room) temperature for from
about 3 to about 8 hours, to produce a corresponding
spiro(cyclohexane-1,2"-indan)-4-ol [14].

12'. Letting stand (preferably at low temperature for
from about 3 to about i8 hours) a mixture of spiro(cy-
clohexane)-1,2'-indan)-4-ol {14] obtained in step
(11") in an amine base (e.g., pyridine) and a lower
alkyl sulfonyl halide (such as methanesulfonyl chlor-
ide), yields a corresponding spiro{cyclohexane-1,2'-
indan)-4-ol lower alkyl sulfonate [15].

13'. A spiro(cyclohexane-1,2'(-indan)-4-ol lower
alkyl sulfonate [15] obtained in step (12') and sodium
azide in a solvent such as dimethylformamide, on heat-
ing (at from 65° to about 100° C. for from about 4 to 20
hours), yields a corresponding spiro(cyclohexane-1,2'-
indan)-4-ylazide [16]; on reduction of the azido func-
tion of a thus produced compound {16], e.g., by react-
ing said compound with lithium aluminum hydride in a
solvent such as tetrahydrofuran at moderate (room)
temperature for from about 3 to about 10 hours, yields
a corresponding spiro(cyclohexane-1,2'-indan)-4-
amine [I(b)] in its free base form, which on extracting
with ether and treating said extract with an ethereal
solution of a suitable acid, gives the corresponding acid
addition salt form.

The free base or acid addition slat forms of the spi-
ro(cyclohexane-1,2'-indan)-4-amines [I(b)] obtained
asinstep (13) or (13"), above, are employed as starting
materials for preparing a variety of derivatives thereof,
for example, in accordance with the methods set forth
in (a) through (e) that follow.

a. Heating (e.g., under reflux for from about 8 to
about 24 hours) a spiro(cyclohexane-1,2'-indan)-4-
amine [I(b)] obtained in step (13) or (13’) with a
dihaloalkane, yields a corresponding (1-single ring
nitrogen containing hetercyclo)-spiro(cyclohexane-
1,2'-indan)-4-yl {I(b)], which on dissolving in ether
and treating with an ethereal solution of an appropriate
acid, gives the corresponding acid addition salt thereof.
For example, heating a spiro{cyclohexane-1,2'-indan)-
4-amine {I(b)] with 1,5-diiodopentane, 1,4-
dibromobutane or 1,6-diiodohexane, yields, respec-
tively, an acid addition salt of a corresponding 1-
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[spiro(cyclohexane-1,2'-indane )-4-yl]piperidine
[I(b)], a l-[spiro(cyclohexane-1,2'-indane)-4-yl]pyr-
rolidine [I(b)] or a 1-[spiro(cyclohexane-1,2’-indan)-
4-yllhexamethyleneimine [I(b)], which can be con-
verted to their acid addition salts in the manner de-
scribed in the immediately preceding sentence.

b. The production of a compound selected from the
group consisting of the free bases and acid addition

salts of a 4-[[spiro[cyclohexane-1,2'-indan]-4-
yl]amino Jalkanophenone of the formula
H 0 1(b)
| l
z N(CH,},CAr

wherein Ar, n and Z have the same meaning as above,
comprises reacting (in the presence of an alkali metal
iodide and an alkali metal carbonate) a corresponding
compound obtained in step (13) or (13') selected from
the group consisting of the free bases or acid addition
salts of a compound of the formula

1(b)
Ve

N
H

wherein Z has the same meaning as above, with a corre-
sponding compound of the formula

)
L)

X(CH),— C —Ar

wherein Ar, R and n have the same meanings as above
and X is selected from the group consisting of chlorine
and bromine, followed by hydrolyzing (i.e., deketaliz-
ing) a thus produced compound, e.g., with aqueous
acid in an alkanol.

c. Reacting a spiro(cyclohexane-1,2’-indan )-4-amine
[I(b)] obtained in step (13) or (13’), haloformate
(e.g., ethyl chloroformate, methyl bromoformate or
propyl chloroformate) yields a corresponding lower
alkyl spiro(cyclohexane-1,2'-indane)-4-carbamate
having the formula

I(b)

NHCOR
[
o

wherein R and Z have the same meaning as above.

d. A lower alkyl spiro(cyclohexane-1,2'-indane)-4-
carbamate [I(b)], prepared as in (c) immediately
above, is reduced, e.g., by heating it (under reflux) ina
solvent such as tetrahydrofuran (for from about 8 to
about 24 hours) with lithium aluminum hydride, to
yield a corresponding spiro{cyclohexane-1,2'-indane)-
4-yl-N-methylamine [I(b)], which on dissolving in
ether and treating with an ethereal solution of an ap-
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propriate acid gives a corresponding acid addition salt
- thereof.

e. Following the procedure of (b), above, but substi-
tuting the free base or acid addition salt of a spiro(cy-
clohexane-1,2'-indane)-4-yl-N-methylamine [1(b)] ob-
tained as in (d) immediately above as starting material,
yields a corresponding [spiro[cyclohexane-1,2'-
indan]-2 through 5-yl-N-lower alkylaminojalkanophe-
none [I(b)], or an acid addition salt thereof.

The unsubstituted and substituted spiro{cyclohex-
ane-1,2'-indan)-1'4-dione alkylene ketals [9] prepared
in step (8) of Process B can be employed as starting
materials for producing a variety of 1'-hydroxyspiro(-
cyclohexane-1,2’-indan) compounds {I(b)] by the pro-
cedures that follow.

1. A spiro(cyclohexane-1,2'-indan)-1'4-dione alkyl-
ene ketal [9] has its 1’-keto function reduced, e.g., by
reacting said compound with lithium aluminum hydride
in a solvent such as tetrahydrofuran at moderate
(room) temperature for from about 3 to about 10
hours, yields a corresponding 1’-hydroxyspiro(cy-
clohexane-1,2'-indan)-4-one alkylene ketal [17 ].

2. A V’-hydroxyspiro(cyclohexane-1,2'-indan)-4-one
alkylene ketal [17] produced in step (1) has its ketal
protective group removed by hydrolysis, e.g., by allow-
ing said compound to stand for from about 4 to about
20 hours with an acid (such as hydrochloric acid) in a
solvent such as acetone) at room temperature, to yield
a corresponding 1’-hydroxysprio(cyclohexane-1,2'-
indan)-4-one [18].

3. A 1'-hydroxyspiro(cyclohexane-1,2’-indan)-4-one
(18] prepared in step (2), on standing at room temper-
ature for from about 5 to about 10 hours in a solvent
such as tetrahydrofuran with an anhydride of hydrocar-
bon carboxylic acid in the presence of an esterification
catalyst (e.g., pyridine), yields a corresponding 1'-
acyloxyspiro(cyclohexane-1,2’-indan)-4-one [19].

4. A 1'-acyloxyspiro(cyclohexane-1,2’-indan)-4-one
[19] produced in step (3) has its 4-keto function re-
duced, e.g., by stirring said compound (in a solvent
such as isopropanol with sodium borohydride at mod-
erate (room) temperature for from about 1% to about 4
hours, to give a corresponding 1'-acyloxyspiro(cy-
clohexane-1,2'-indan)-4-ol [20].

5. Letting stand (preferably in the cold for from
about 4 to about 20 hours) a mixture of a 1'-acyloxys-
piro(cyclohexane-l,2'—indan)-4-ol [20] obtained in
step (4) in an amine base (e.g., pyridine and a lower
alkyl sulfonyl halide (e.g., methanesulfonyl chloride),
yield a corresponding 1’-acyloxspiro(cyclohexane-
1,2'-indan)-4-ol lower alkylsulfonate [21].

6. A 1'-acyloxyspiro(cyclohexane-1,2'-indan)-4-ol
lower alkylsulfonate [21] obtained in step (5) and
sodium azide in a solvent such as dimethylformamide,
on heating (at from bout 65° to about 100° C. for from
about 4 to about 20 hours), yields a corresponding
1'-acyloxyspiro(cyclohexane-1,2"-indan)-4-ylazide
[22], which on reduction, e.g., by reaction with lithium
aluminum hydride in a solvent such as tetrahydrofuran
at room temperature for from 8 to about 16 hours,
yields a corresponding 1'-hydroxyspiro(cyclohexane-
1,2'-indan)-4-amine [1(b)] in its free base form, which
on extracting with ether and treating the extract with
an ethereal solution of a suitable acid, (¢.g., hydrochlo-
ric), gives the corresponding acid addition salt form.

The free base or acid addition salt forms of the 1'-
hydroxyspiro(cyclohexane-1,2'-indan)-4-amines
[I(b)] obtained in step (6) immediately above, are
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employed as starting materials for preparing a variety
of derivatives thereof, for example, in accordance with
the methods set forth in (a) through (e) that follow.

a. Heating (e.g., under reflux for from about 8 to
about 24 hours) a 1’-hydroxyspiro(cyclohexane-1,2'-
indan )-4-amine {I(b)] obtained in step (6) with a diha-
loalkane, yields a corresponding ( 1-single ring nitrogen
containing heterocyclo)-1'-hydroxyspiro(cyclohexane-
1,2’-indan)-4-yl [I{b)], which on dissolving in ether
and treating with an appropriate acid, gives the corre-
sponding acid addition salt thereof. For example, heat-
ing a 1'-hydroxyspiro(cyclohexane-1,2'-indan )-4-
amine [I(b)] with 1,5-diiodopentne, 1,4-dibromobu-
tane or 1,6-diiodohexane, yields, respectively, a corre-
sponding 1’-hydroxy-1-[spiro(cyclohexane-1,2"-
indan)-4-yl]piperidine [I(b)], a 1'-hydroxy-1-[spiro(-
cyclohexane-l,2'-indane)-4-yl]pyrrolidine [I(b)] or a
1"-hydroxy-1-{spiro(cyclohexane-1,2"-indan)-4-
yl]hexamethyleneimine [I(b)], which are converted to
their acid addition salts in the manner described in the
immediately preceding sentence.

b. The production of a compound selected from the
group consisting of the free bases and acid addition
salts of a 4-[(1’-hydrospiro[cyclohexane-1,2’-indan]-
4-yl)amino] alkanophenone [1(b)] comprises: reacting
(in the presence of an alkali metal iodide and an alkali
metal carbonate) a corresponding 1'-hydroxyspiro(cy-
clohexane-1,2’-indan)-4amine [I(b)] obtained in step
(6) with a corresponding 2,2-dialkyl-1,3-propanediol -
ketal of a w-haloalkanophenyl ketone, followed by
hydrolyzing a thus produced compound.

c. Reacting a 1'-hydroxy-4-[[spiro[cyclohexane-
1,2'-4-amine [I(b)] obtained in step (6) in pyridine in
the cold with a lower alkyl haloformate, yields a corre-
sponding lower alkyl-1’-hydroxyspiro(cyclohexane-
1,2'-indan)-4-carbamate [I(b)].

d. A lower alkyl-1’-hydroxy-spiro(cyclohexane-1,2'-
indane )-4-carbamate [I(b)], prepared as in (¢) imme-
diately above, is reduced by heating with lithium alumi-
num hydride, to yield a corresponding 1'-hydroxy-
spiro(cyclohexane-1,2’-indane )-4-yl-N-lower alkyla-
mine [I{(b)], which on dissolving in ether and treating
with an ethereal solution of an appropriate acid give a
corresponding acid addition salt thereof.

e. Following the procedure of (b), above, but substi-
tuting the free base or acid addition saltof a 1'-hydrox-
yspiro(cyclohexare-1,2"-indan)-4-yl-N-lower alkyla-
mine [I(b)] obtained as in (d) immediately above as
starting material, yields a corresponding 4-[1'-hydrox-
yspirofcyclohexane-1,2'-indan]-2 through  5-yl-N-
lower alkylamino]alkanophenone [I(b}}, or an acid
addition salt thereof.

The unsubstituted and substituted 1'-hydroxy-spiro(-
cyclohexane-l,2’-indan)-4-one alkylene ketals [17]
prepared in step (1 ) of the process set forth immedi-
ately above, can be used as starting materials for pro-
ducing a variety 1'-acetamido-spiro(cyclohexane-1 2
indan) compounds by the procedures that follow.

1. A 1'-hydroxy-spiro(cyclohexane-1,2'-indan)-
4-one alkylene ketal [17] in a solvent such as tetrahy-
drofuran is treated in the cold with butyl lithium in a
solvent such as pentane and a lower alkyl sulfonyl ha-
lide (such as methanesulfonyl chloride) in a solvent
(e.g., tetrahydrofuran), to give a corresponding 1'-
halospiro(cyclohexane-1,2’-indan)-4-one alkylene
ketal [23].

2. A 1'-halospiro(cyclohexan-l,2’-indan)—4-one al-
kylene ketal [23] produced in step (1) is heated with
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sodium azide in a solvent such as dimethylformamide at
from about 80° to about 100° C. for from about 15 to
about 24 hours and the resulting azido intermediate
recovered by conventional procedures and then re-
duced (e.g., with lithium aluminum hydride in a solvent
such as tetrahydrofuran), to give a corresponding 1’-
aminospiro(cyclohexane-1,2'-indan)-4-one ethylene
ketal [24].

3. A 1'-aminospiro(cyclohexane-1,2’-indan)-4-one
alkylene ketal [24] prepared in step (2) is acylated,
e.g., by treating it with an anhydride of a hydrocarbon
carboxylic acid (such as acetic anhydride) in the pres-
ence of a catalyst (such as pyridine), a give a corre-
sponding 1’-acylamidospiro(cyclohexane-1,2'-indan)-
4-one alkylene ketal [25].

4. A 1'-acylamidospiro(cyclohexane-1,2'-indan)-
4-one alkylene ketal [25] produced in step (3), is hy-
drolyzed, e.g., by standing at room temperature for
from about 5 to about 20 hours with an acid such as
hydrochloric acid in a solvent such as acetone, to give
a corresponding 1’'-acylamidospiro(cyclohexane-1,2’-
indan)-4-one [26].

5. A [I'-acylamidospiro(cyclohexane-1,2'-indan)-
4-one [26] obtained in step (4) has its 4-keto function
reduced, e.g., by reacting said compound with sodium
borohydride in a solvent such as isopropanol at moder-
ate (room) temperature for from about 3 to about 10
hours, to give a mixture of 1’-acylamidospiro(cy-
clohexane-1,2'-indan)-4-ols [27], which are separated
into their two isomers by conventional procedures, e.g.,
chromatography or fractional crystallization.

6. Letting either of the isomers of the 1’-acylamidos-
piro(cyclohexane-1,2'-indan)-4-ols [27] obtained in
step (5) stand for from about 3 to about 10 hours in an
amine base {e.g., piperidine) with a lower alkyl sulfonyl
halide (e.g., methanesulfonyl chloride), yields a corre-
sponding 1’-acylamidospiro(cyclohexane-1,2"-indan)-
4-ol lower alkyl sulfonate [28].

7. A 1'-acylamindospiro(cyclohexane-1,2’-indan)-4-
ol lower alkylsulfonate [28] obtained in step (6) and
sodium azide in a solvent such as dimethylformamide,
on heating (at from about 65° to about 100° C. for from
about 4 to about 20 hours), yields a corresponding
1"-acylamidospiro(cyclohexane-1,2'-indan)-4-ylazide,
which on reduction, e.g., by reaction with lithium alu-
minum hydride in a solvent such as tetrahydrofuran at
room temperature for from about 8 to about 16 hours,
yields a corresponding 1’-acylamidospiro(cyclohex-
ane-1,2'-indan)-4-amine [I(b)] in its free base form,
which on extracting with ether and treating said extract
with an ethereal solution of a suitable acid (e.g., hydro-
chloric) gives the corresponding acid addition salt
form.

The free base or acid addition salt forms of the 1'-
acylamidospiro(cyclohexane-1,2'-indan)-4-amines
[I(b)] obtained in step (7) immediately above, are
employed as starting materials for preparing a variety
of derivatives thereof, in the same manner as described
above using the corresponding 1‘-hydroxyspiro(cy-
clohexane-1,2'-indan)-4-amines {I(b)] as starting com-
pounds set forth in (a) through (e) following step (6) of
the synthesis of said 1‘-hydroxyspiro compounds
(I(b)]. By utilizing the aforesaid procedures, com-
pounds such as the following are obtained:

a. 1'-acylamido-1-[spiro{cyclohexane-1,2'-indan)-4-

yllpiperidines [I(b}}, 1’'-acylamido-1-[spiro(cy-
clohexane)-1,2'-indan)-4-yl]pyrrolidines  [I(b)]
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and 1’-acylamido- 1-[spiro(cyclohexane-1,2’-

indan )-4-yl Jhexamethyleneimines {I(b)];

b. 4-[(1’-acylamidospiro[cyclohexane-1,2'-indan]-4-
yl)aminoalkanophenones [I(b)] and acid addition
salts thereof;,

¢. lower alkyl-1'-acylamidospiro{cyclohexane-1,2’-

indane)-4-carbamates [1(b)];
1’-acylamidospiro(cyclohexane-1,2'-indan)-4-yl-

N-lower alkylamines [I(b)]; and
e.  4-[1’-acylamidospiro{cyclohexane-1,2"-indan)-

4-yl-N-lower alkylamino]alkanophenones [I(b)],
and acid addition salts thereof.

The free base or acid addition salt of a 5'-acylamidos-
piro(cyclohexane-1,2’-indan)-4-amine  [I(b)], also
named an N-[4-aminospiro[cyclohexane-1,2"-indan]-
5'-yl]lacylamide [I(b)], is prepared from a spiro(cy-
clohexane-1,2’-indan)-4-one [11] starting compound,
by employing the procedures that follow.

1. A spiro(cyclohexane-1,2"-indan)-4-one [11] [pre-
pared as above in step (10) of the first process for
producing the compounds of Process B] in the cold (at
about 0° C.) in trifluoroacetic acid, has nitric acid
added thereto and the low temperature maintained for
from about 1 to about 4 hours, to yield a corresponding
5’-nitrospiro(cyclohexane-1,2’-indan)-4-one [29].

2. A 5'-nitrospiro( cyclohexane-1,2'-indan)-4-one
[29]produced in step (1) is catalytically reduced (e.g.,
with hydrogen in the presence of palladium on carbon,
in a solvent such as ethyl acetate), to give a corre-
sponding 5’-aminospiro(cyclohexane-1,2’-indan)-
4-one [30].

3. A 5’-aminospiro(cylohexane-1,2’-indan)-4-one
[30] prepared in step (2) is treated in the cold (at
about 0° C.) with an amine base such as pyridine and
the anhydride of a hydrocarbon carboxylic acid (e.g.,
acetic anhydride) for from about 3 to about 8 hours, to
give a corresponding 5’-acylamidospiro(cyclohexane-
1,2'-indan)-4-one [31].

4. A 5'-acylamidospiro(cyclohexane-1,2'-indan)-
4-one {31] prepared in step (3) has its 4-keto function
reduced, e.g., by reacting said compound with sodium
borohydride in a solvent such as isopropanol at moder-
ate (room) temperature for from about 3 to about 10
hours, to give a corresponding 5’-acylamidospiro(cy-
clohexane-1,2'-indan)-4-ol [32].

Using a thus produced 5’-acylamidospiro(cyclohex-
ane-1,2'-indan)-4-0l [32] as starting material and em-
ploying the procedures described in steps (6) and (7)
and (a) through (e), above, for preparing the corre-
sponding 1’-acylamido compounds, yields 5'-
acylamido counterparts such as

6. 5’-acylamidospiro(cyclohexane-1,2’-indan)-4-ol
lower alky! sulfonates [33];

7. 5'-acylamidospiro(cyclohexane-1,2'-indan)-4-yla-
zides [34] and 5'-acylamidospiro{cyclohexane-1,2'-
indan)-4-amines [I(b)] (as free base or acid addition
salt);

a. 5'-acylamido-1-[spiro(cyclohexane-1,2’-indan)-4-
yllpiperidines [I(b)], 5'-acylamido-1-[spiro(-
cycohexane-1,2'-indan)-4-yl]pyrrolidines  [I(b)}
and 5’-acylamido-1-{spiro{cyclohexane-1,2'-
indan)-4-ylThexamethyleneimines [1(b)];

b. 4-[[5'-acylamidospiro[ cyclohexane-1,2'-indan]-4-
yllamino]alkanophenones [I(b)] and acid addition
salts thereof;

c. lower alkyl-5'-acylamidospiro(cyclohexane-1,2'-
indan )-4-carbamates [I(b)];

d.
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d. 5'-acylamidospiro(cyclohexane-1,2’-indan)-4-yl-
N-lower alkylamines [I(b)]; and
e.  4-[5’-acylamidospiro[cyclohexane-1,2'-indan)-
4-yl-N-lower alkylamino]alkanophenones [I(b)],
and acid addition salts thereof.

The unsubstituted or substituted spiro(cyclohexane-
1,2’-indan)-1'4-dione alkylene ketals [9] [prepared as
in step (8) of the first process for producing the com-
pounds of Process B] can be employed as starting ma-
terials for preparing a variety of 1'-exomethylenes-
piro(cyclohexane-1,2'-indan) compounds by the pro-
cedures that follow.

1. A spiro(cycliohexane-1,2’-indan)-1'4-dione-4-
alkylene ketal (9) in a solvent such as tetrahydrofuran,
on addition to a methyl magnesium halide (such as
methyl magnesium bromide) in a solvent such as ether,
after standing at moderate (room) temperature for
from about 6 to about 24 hours, gives a corresponding
1'-hydroxy-1'-methylspiro(cyclohexane-1,2’-indan)-
4-one alkylene ketal {40].

2. A 1'-hydroxy-1’-methylspiro(cyclohexane-1,2'-
indan)-4-one alkylene ketal [40] produced in step (1),
on stirring with an acid (such as hydrochloric) in a
solvent (such as acetone) at room temperature for
from about 4 to about 20 hours, yields a corresponding
1'-exo-methylenespiro(cyclohexane-1,2’-indan)-4-one
[41].

3. A l'-exo-methylenespiro(cyclohexane-1,2’-
indan)-4-one [41] prepared in step (2) has its 4-keto
function reduced, e.g., by stirring said compound (in a
solvent such as isopropanol with sodium borohydride at
moderate (room) temperature for from about 2 to
about 10 hours, to give a corresponding 1'-exo-
methylenespiro(cyclohexane-1,2-indan)-4-ol [42].

4. Letting stand (preferably in the cold for from
about 4 to about 20 hours) a mixture of a 1'-exo-
methylenespiro(cyclohexane-1,2'-indan)-4-ol [42] ob-
tained in step (3) in an amine base (such as pyridine)
and a lower alkyl sulfonyl halide (such as methanesul-
fonyl chloride), yields a corresponding 1'-exo-
methylenespiro(cyclohexane-1,2'-indan)-4-0l  lower
alkyl sulfonate [43].

5. A l'-exo-methylenespiro(cyclohexane-1,2'-
indan)-4-ol lower alkylsulfonate {43] obtained in step
(4) and sodium azide in a solvent such as dimethyl-
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formamide, on heating at from about 65° to about 100°
C. for from about 4 to about 20 hours, gives a corre-
sponding 1’-exo-methylenespiro(cyclohexane-1,2'-
indan)-4-ylazide [44], which on reduction, e.g., with
lithium aluminum hydride in a solvent such as tetrahy-
drofuran at room temperature for from about 4 to
about 16 hours, yields a corresponding 1’-exo-
methylenespiro(cyclohexane-1,2'-indan)-4-amine
[I(b)] in its free base form, which on extracting with
ether and treating said extract with an ethereal solution
of a suitable acid (e.g., hydrochloric), gives the corre-
sponding acid addition salt form.

The free base or acid addition salt forms of 1'-exo-
methylenespiro(cyclohexane-1,2’'-indan )-4-amines
{1(b)] obtained in step (5) immediately above, are
employed as starting materials for preparing a variety
of derivatives thereof, in the same manner as described
above using the corresponding 1’-hydroxyspiro(cy-
clohexane-1,2'-indan)-4-amines [I(b)] as starting com-
pounds set forth in (a) through (e) following step (6) of
the synthesis of said 1’'-hydroxyspiro compounds
[1(b)]. By following the aforesaid procedures, there are
obtained 1’-exo-methylene counterparts such as

a. 1'-exo-methylenespiro(cyclohexane-1,2"-indan)-
piperidines [I(b)], 1’-exo-methylenespiro(cyclohex-
ane-1,2'-indan)pyrrolidines [I(b)] and 1'-exo-
methylenespiro(cyclohexane-1,2'-indan )hexame-
thyleneimines [I(b)];

b. alkanophenones of 1’-exo-methylenespiro(cy-
clohexane-1,2'-indan-4-amine [I(b)], also names 4-
[[1’-methylenespiro(cyclohexan-1,2’-indan)-4-
yllamino Jalkanophenones [I(b)], and acid addition
salts thereof;

c. lower alkyl 1'-exo-methylenespiro(cyclohexane-
1,2'-indane)-4-carbamates {I(b)];

d. 1'-exo-methylenespiro(cyclohexane-1,2'-indan)-
4-yl-N-lower alkylamines [I(b}]; and

e. 4-[1'-exo-methylenespiro(cyclohexane-1,2’-
indan)-4-yl-N-lower alkylaminoJalkanophenones
[I(b)] and acid addition salts thereof.

Process C

The following sequence of formulae illustratively
represents procedures for the preparation of com-
pounds of Formula I(c).

Oj 0]
ROOC (51 (1 CH,OH

] .
z 0 Z o
3 CH,CN 2 0SO.R

o
A AKX —> =o
4) CH,COOH

CH,COOH / 5
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@00 @006

@OOO @3?

an (10)

H
7/
N(CH,),CAr . HX

I(c)

1{c)

R
N(CH,) CAr HX

o < -@00("6-

I(¢c) 1(c)

wherein Ar, n,

60

_.hD ,

R, X and Z have the same meaning as in Process A,
above.

The compounds embraced by Formula I(c) of the 65
flow-sheet designated Process C, above, are prepared
by the procedures indicated therein, employing the
methods and reactions described below.

1. The first step of the process comprises reducing a
4-benzyl (or substituted benzyl)-4-carboalkoxy-1-
cyclohexanone alkylene ketal [5][prepared as above in
step (4) of the first process for producing the com-
pounds of Process B], for example, by reacting it in a
solvent such as tetrahydrofuran with lithium aluminum
hydride and heating the reaction mixture (at reflux) for
from about 3 to about 8 hours, to give a corresponding
4-benzyl (or substituted benzyl)-4-hydroxymethylcy-
clohexan-1-one alkylene ketal (1).
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2. A 4-benzyl (or substituted benzyl)-4-hydroxyme-
thylcyclohexan-1-one alkylene ketal (1) obtained in
step (1) in an amine base (such as pyridine) on stand-
ing in the cold with a lower alkyl sulfonyl halide (such
as methanesulfonyl chloride), yields a corresponding
4-benzyl (or substituted benzyl)-4-hydroxymethylcy-
clohexan-1-one, alkylene ketal, lower alkyl sulfonate
(2).

3. A 4-benzyl (or substituted benzyl)-4-hydroxyme-
thylcyclohexan-1-one, alkylene ketal lower alkyl sulfo-
nate (2) prepared in step (2) on heating for from about
10 to about 18 hours at from about 100° to about 165°
C. with potassium cyanide in a solvent such as hexame-
thylphosphoramide, yields a corresponding 4-benzyl-4-
cyanomethylcyclohexan-1-one alkylene ketal (3).

4. A thus produced 4-benzyl-4-cyanomethylcy-
clohexan-1-one alkylene ketal (3) obtained in step (3)
on saponification, e.g., by heating it with an alkali
metal hydroxide (such as potassium hydroxide) in a
solvent such as an alkalene glycol (e.g., ethylene gly-
col) for from about 8 to about 18 hours, gives a corre-
sponding 4-benzylcyclohexan-4-acetic acid-1-one al-
kylene ketal (4).

5. A 4-benzylcyclohexan-4-acetic acid-1-one alkyl-
ene ketal (4) prepared in step (4) is deketalized, e.g.,
by stirring it with a dilute aqueous acid (e.g., hydro-
chloric) in acetone at moderate (room) temperature
for from about 36 to about 72 hours, to give a corre-
sponding 4-benzylcyclohexan-4-acetic acid-1-one (5).

6. A 4-benzylcyclohexan-4-acetic acid-l-one (5)
prepared in step (5) is cyclized, e.g., by allowing it to
stand at moderate (room) temperature for from about
15 to about 80 hours with liquid hydrogen fluoride, to
yield a corresponding 3',4’-dihydrospiro[cyclohexane-
1,2’(1’H)-naphthalene}-4’,4-dione (6).

7. A 3.4 dlhydrosplro[cyclohexane-1 2'(1'H)-
naphthalene]-4',4-dione (6) obtained in step (6) is
monoketalized at the non-conjugated least hindered
carbonyl function, e.g., by heating (at reflux) in a sol-
vent such as benzene with an alkylene glycol (in the
presence of a catalyst such as p-toluenesulfonic acid),
to yield a corresponding 3',4'-dihydrospiro|cyclohex-
ane-1,2’(1'H)-naphthalene]-4’,4-dione, 4-(ethylene
ketal) (7).

8. A 3',4'-dihydrospiro{cyclohexane-1,2'(1'H)-
naphthalene] -4’ ,4-dione, 4- (ethylene ketal) (7) pre-
pared in step (7) is reduced at the 1’-position, e.g., by
heating (at reflux) for from about % to about 3 hours
with hydrazine hydrate and a base (e.g., potassium
hydroxide) in a solvent such as an alkylene glycol (e.g.,
ethylene glycol), to give a corresponding 3',4'-dihy-
drospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-one,
ethylene ketal (8).

9. In this step, a 3',4'-dihydrospiro[cyclohexane-
1,2’-(1'H)-naphthalen)-4-one, ethylene ketal (8) ob-
tained in step (8) has its ketal protective group re-
moved by hydrolysis, e.g., by heating it (at reflux) for
from about 8 to about 20 hours with an acid (such as
hydrochloric) in a solvent (such as acetone), to yield a
corresponding  3',4'-dihydrospiro[ cyclohexane-1,2'(-
1'H)-naphthalen]-4-one (9).

10. A 3’,4'-dihydrospiro[cyclohexane-1,2'(1'H)-
naphthalen]-4-one produced, e.g., by mixing said com-
pound in a solvent such as isopropanol with sodium
borohydride at moderate (room) temperature, to give a
corresponding 3',4’'-dihydrospiro[cyclohexane-1,2'(-
1"H)-naphthalen]-4-ol (10).
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11. A 3',4'-dihydrospiro[cyclohexane-1,2'(1"H)-
naphthalen]-4-ol obtained in step (10) on standing in
the cold (at about 0° C.) for from about 3 to about 6
hours in an amine base (e.g., pyridine) with a lower
alkyl sulfonyl halide (e.g., methanesulfonyl chloride),
gives a corresponding 3',4’-dihydrospiro[ cyclohexane-
1,2'(1'H)-naphthalen]-4-ol lower alkyl sulfonate (11).

12. A 3',4'-dihydrospiro[cyclohexane-1,2"(1'H)-
naphthalén]-4-ol lower alkyl sulfonate prepared in step
(11) and sodium azide in a solvent such as dimethyl-
formamide, on heating (at from about 65° to about
100° C. for from about 4 to about 20 hours); yields a
corresponding  3',4'-dihydrospiro[ cyclohexane-1,2"(-
1'H)-naphthalen]-4-ylazide, which on reaction with
lithium aluminum hydride in a solvent such as tetrahy-
drofuran at moderate (room) temperature for from
about 3 to about 10 hours, yields a corresponding 3°,4'-
dihydrospiro(cyclohexane-1,2'(1'H)-naphthalen)-4-
ylamine [I(c)] in its free base form. On treating an
ether extract of a thus produced compound with an
ethereal solution of a suitable (pharmacologically ac-
ceptable) acid, its acid addition salt form is obtained.

The free base or acid addition salt forms of the 3',4'-
dihydrospiro{cyclohexane-1,2'(1'H)-naphthalen]-4-
ylamines [I(c)] obtained as in step (12), above, are
employed as starting materials for producing a variety
of derivatives thereof, for example, in accordance with
the methods described in (a) through (e) that follow.

a. Heating (e.g., under reflux for from about 8 to
about 24 hours) a 3',4'-dihydrospiro[cyclohexane-
1,2'(1'H)-naphthalen]-4-ylamine (I(c)] obtained in
step (12) with a dihaloalkane, gives a corresponding
(1-single ring nitrogen containing heterocyclo)-3',4'-
dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl
[I(c)], which on dissolving in ether and treating with an
ethereal solution of an appropriate acid, yields the
corresponding acid addition salt. For example, heating
a 3',4'-dihydrospiro[ cyclohexane-1,2'(1'H)-naph-
thalen]-4-ylamine {I(c)] with 1,5-diiodopentane, 1,4-
dibromobutane or 1,6-diiodohexane, yields, respec-
tively, a corresponding 1-[3',4'-dihydrospiro[cy-
clohexane-1,2'(1’H)-naphthalen]-4-yl]piperidine
[1(c)], a 1-[3',4’-dihydrospiro[ cyclohexane-1,2(1'H)-
naphthalen]-4-yl]pyrrolidine [I(c)] or a 1-[3,4'-dihy-
drospiro(cyclohexane-1,2'(1°H)-naphthalen)-4-
yllThexamethyleneimine [I{c)], which can be converted
to their acid addition salts in the manner described in
the immediately preceding sentence.

b. The production of a compound selected from the
group consisting of the free bases and acid addition
salts of a 4-[(3',4'-dihydrospiro[cyclohexane-1,2'(-
1'H)-naphthalen]-4-yl)amino]alkanophenone of the
formula

ﬁ L(c)
N(CH,),CAr

wherein Ar, n and Z have the same meaning as above,
comprises reacting (in the presence of an alkali metal
iodide and an alkali metal carbonate) a corresponding
compound obtained as in step (12} selected from the
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group consisting of the free bases and acid addition
salts of a compound of the formula

I(c)

wherein Z has the same meaning as above, with a corre-
sponding compound of the formula

£
L J

X{CH,),— C —Ar

wherein Ar, R and n have the same meaning as above
and X is selected from the group consisting of chlorine
and bromine, followed by hydrolyzing (i.e., deketaliz-
ing) a thus produced compound, e.g., with aqueous
acid in an alkanol.

c. Reacting a 3',4'-dihydrospiro[ cyclohexane-1,2’(-
1'H)-naphthalen]-4-ylamine [I{c)] obtained as in step

(12), in pyridine in the cold with a lower alkyl halofor- 3

mate (e.g., ethyl chloroformate, methyl bromoformate,
propyl chloroformate or isopropyl bromoformate),
yields a corresponding lower alkyl 3’,4’-dihydrospiro[ -
cyclohexane-1,2'(1’'H)-naphthalene]-4-carbamate of
‘the formula

NHCOR

t(c)

wherein R and Z have the same meaning as above.

d. A lower alkyl 3',4’-dihydrospiro[cyclohexane-
1,2'(1’H)-naphthalene]-4-carbamate {I(c)], prepared
as in (c) immediately above, is reduced, e.g., by heating
it in a solvent such as tetrahydrofuran (under reflux for
from about 6 to about 24 hours) with lithium aluminum
hydride, to yield a corresponding 3’,4’-dihydrospiro[-
cyclohexane-1,2'(1'H)-naphthalen]-4-yl-N-methyla-
mine [I(c)], which on dissolving in ether and treating
with an ethereal solution of an appropriate acid gives a
corresponding acid addition salt thereof.

e. Following the procedure of (b), above, but substi-
tuting as starting material the free base or acid addition
salt of a 3',4'-dihydrospiro[cyclohexane-1,2'-(1'H)-
naphthalen]-4-yl-N-methylamino [I(c)], obtained as in
(d) immediately above, yields a corresponding 4-[(3',-
4’-dihydrospiro[ cyclohexane-1,2’(1°H)-naphthalen]-2
through 5-yl-N-methylamino]alkanophenone [I(c)], or
an acid addition salt thereof.

All of the compounds included within Formulal(a, b
and ¢) of the flow-sheets, above, can be isolated from
their respective reaction mixtures by convenional
means, for example, when a water-miscible solvent is
used, by pouring the reaction mixture into water and
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separating the resulting precipitate by filtration or by
extraction with water-immiscible solvents. Additional
purification of the products can be accomplished by
conventional means, for example, by elution chroma-
tography from an adsorbent column with a suitable
solvent such as acetone, ethyl acetate, ether, methylene
chloride and Skellysolve B (hexanes), mixtures and
combinations of these solvents; also by gradient elution
chromatography from an adsorbent column with a
suitable mixture of solvents, such as, methylene chlo-
ride-Skellysolve B, acetone-Skellysolve B, and the like.
. The free bases and acid addition salts of the novel
compounds of Formula I are useful as central nervous
system (CNS) depressants when administered to hu-
mans and animals. They possess tranquilizing activity
and are consequently useful in humans for controlling
anxiety and schizophrenia; in animals the aforesaid
compounds are useful for their calming effects and can
be given to reduce aggressive behavior. These com-
pounds have been shown to possess CNS depressing
activity (especially tranquilizing activity) via the loss of
righting reflex, traction, chimney, dish and pedestal
tests carried out in the manner described by Boissier et
al. in Medicina Experimentalis 4, 145 (1961).

Tranquilizing effects of compounds of this invention

are shown by the following tests in mice:

Chimney test: [Med. Exp. 4, 145 (1961)]: The test
determines the ability of mice to back up and out of
a verticie glass cylinder within 30 seconds. At the
effective dosage, 50 percent of the mice failed
doing it.

Dish test: Mice in Petri dishes (10 cm. diameter, 5
cm. high, partially embedded in woed shavings),
climb out in a very short time, when not treated.
Mice remaining in the dish for more than 3 minutes
indicates tranquilization. EDy, equals the dose of
test compound at which 50 percent of the mice
remain in the dish.

Pedestal test: The untreated mouse leaves a standard
pedestal in less than a minute to climb back to the
floor of the standard mouse box. Tranquilized mice
will stay on the pedestal for more than 1 minute.

Nicotine antagonism test: Mice in a group of 6 are
injected with the test compound. Thirty minutes
later the mice including control (untreated) mice
are injected with nicotine salicylate (2 mg./kg.).
The control mice show overstimulation, i.e., (1)
running convulsions followed by (2) tonic extensor
fits; followed by (3) death.

The following compounds typical of this invention

have (by intraperitoneal injection) EDs, as shown in
the table below.

ED., (in mg./kg.}
COMPOUND D P

4'-fluoro-4-{(3’,4'-dihydro-
spiro[cyclohexane-1,1'{2'H)-
naphthalen }-4-yl)amino jbutyro-
phenone hydrochloride [I(a)]
4’-fluoro-4-[ methyl(spiro-
{cyclohexane-1,2’-indan)-4-
vi)amino]butyrophenone hydro-
chloride (1{b)}
4'-fluoro-4-{(3’,4'-dihydro-
spiro{cyclohexane-1,2°(1'H)-
naphthalen|-4-yl)amino]butyro-

Ch Ni

25

36 9 4
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-continued
—EDu(omelkg)
COMPOUND Ch D P Ni
phenone hydrochloride {{¢)} 99 99 12.5 7

Ch = chimney test

P = pedestal test

D = dish test

Ni = nicatine antagonism (3) test

As tranquilizers, the compounds of Formula I (a, b
and c¢) and their pharmacologically acceptable acid
addition salts can be prepared and administered to
humans, mammals, birds and animals in a wide variety
of oral or parenteral dosage forms, singly or in admix-
ture with other coacting compounds, in doses of from
about 10 mg. to about 100 mg./kg., depending on the
severity of the condition being treated and the recipi-
ent’s response to the medication.

The free bases and pharmacologically acceptable
acid addition salts of the compounds of Formula I (a, b
and c) are also useful in lowering blood pressure when
administered to humans and animals. This activity
makes them useful in the treatment of essential hyper-
tension. These compounds have been shown to possess
hypotensive activity when tested in the manner de-
scribed by Weeks and Jones, in Proc. Soc. Exp. Biol.
and Med. 104, 646 (1960). The following compounds
typical of this invention have (by oral administration to
rats) MED,,, (minimal effective dose) as shown in the
table below.

COMPOUND MED,,, (in mg./kg.)

4'-fluoro-4-( (spiro{cyclohexane-
1,2’-indan]-4-yl jamino |butyro-

phenone hydrochloride [I{(b)] 50
4'-fluoro-4-[[1'-hydroxyspiro-
[cyclohexane-1,2’-indan]-4-yl]-

amino]butyrophenone hydrochloride

(i(b)] 50

As hypotensives, the compounds of Formula I (a, b
and c) and their pharmacologically acceptable acid
addition salts can be prepared and administered to
humans, mammals, birds and animals in a wide variety
of oral or parenteral dosage forms, singly or in admixtre
with other coacting compounds in doses of from about
10 mg. to about 100 mg./kg., depending on the severity
of the condition being treated and the recipient’s re-
sponse to the medication.

The compounds of Formula 1 (a, b and ¢) (used as
tranquilizers and/or hypotensives) can be administered
with a pharmaceutical carrier which can be solid mate-
rial or a liquid in which the compound is dissolved,
dispersed or suspended. The solid compositions can
take the form of tablets, powders, capsules, pills or the
like, preferably in unit dosage forms for simple admin-
istration or precise dosages. The liquid compositions
can take the form of solutions, emulsions, suspensions,
syrups, or elixirs.

DETAILED DESCRIPTION

The following examples are illustrative of the manner
of making and using the invention and set forth the best
mode contemplated by the inventor of carrying out his
invention, but are not to be construed as limiting the
scope thereof, as obvious modifications and equiva-
lents will be apparent to those skilled in the art, and the
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invention is therefore to be limited only by the scope of
the appended claims.
Example 1A 4-Cyano-4-phenylcyclohexanol(b)

to an ice and methanol cooled solution of 4 g.
(0.0205 M) of 4-cyano-4-phenylcyclohexanone (a)
{prepared as in J. Chem. Soc. 1959, 1446} in 150 ml. of
tetrahydrofuran, a suspension of 1 g. of sodium borohy-
dride in 50 ml. of tetrahydrofuran is added in 5 ml.
portions in in the course of about 10 minutes. The
mixture is stirred for about 30 minutes and allowed to
stand in the cold for about 18 hours. The bulk of the
solvent is removed under vacuum and the residue
treated with water. The precipitate is extracted with
ether and the organic fraction washed successively with
2.5 N hydrochloric acid solution, saturated aqueous
sodium bicarbonate, water and brine and then evapo-
rated to dryness. The residue is recrystallized with ben-
zene to give 1.81 g. (43.8% yield) of 4-cyano-4-phenyl-
cyclohexanol (b) melting at 103° to 111° C.

Anal. Calcd. for C3H,;NO: C, 77.58; H, 7.51; N,
6.96 Found: C, 77.98; H, 7.34; N, 6.58.

Following the procedure of Example 1A but substi-
tuting other 4-cyano-4-phenylcyclohexanones (a) as
starting materials, such as
. 4-cyano-4-(4-bromophenyl)cyclohexanone(a),

. 4-cyano-4-(3-fluorophenyl)cyclohexanone(a),
. 4-cyano-4-(3-methylphenyl)cyclohexanone(a),
. 4-cyano-4-(2-propylphenyl)cyclohexanone(a),
. 4-cyano-4-(4-ethoxyphenyl)cyclohexanone(a),
. 4-cyano-4-(3-aminophenyl)cyclohexanone(a),
4-cyano-4-(4-methylaminophenyl)cyclohex-
anone(a),
8. 4-cyano-4-(5-ethylaminophenyl)cyclohex-
anone(a),
4-cyano-4-(2-aceylamidophenyl)cyclohex-
anone(a), and the like,
yields, respectively,
. 4-cyano-4-(4-bromophenyl )cyclohexanol(b),
. 4-cyano-4-(3-fluorophenyl )cyclohexanol(b),
. 4-cyano-4-(3-methylphenyl)cyclohexanol(b),
. 4-cyano-4-(2-propylphenyl)cyclohexanol(b),
. 4-cyano-4-(4-ethoxyphenyl)cyclohexanol(b),
. 4-cyano-4-(3-aminophenyl)cyclohexanol(b),
. 4-cyano-4-(4-methylaminophenyl)cyclohex-
anol(b),
8. 4-cyano-4-(5-ethylaminophenyl)cyclohexanol(b),
9. 4-cyario-4-( 2-acetylamidophenyl)cyclohex-
anol(b), and the like.
Example 2A 4-Hydroxy-1-phenyl-1-cyclohexanecar-
boxaldehyde(c)

A solution of 2 g. (0.01 M) of 2 g. of 4-cyano-4-
phenylcyclohexanol(b) (obtained as in Example 1A) in
tetrahydrofuran is added to a suspension of 0.52 g.
(0.015 M) of lithium aluminum hydride in 10 ml. of
tetrahydrofuran. The mixture is stirred at room temper-
ature for about 15 minutes, at reflux for about 1 hours,
and then cooled in an ice bath. To it is added succes-
sively 0.52 ml. of water, 0.52 ml. of 15% aqueous so-
dium hydroxide solution and 1.56 ml. of water. The
precipitated inorganic gel is collected on a filter,
washed twice with ether and the combined filtrates
evaporated to dryness. The residue is treated with 20
ml. of 1:1 acetic acid:water and 2 drops of concen-
trated sulfuric acid and heated on a steam bath for
about 30 minutes. The mixture is cooled to room tem-
perature, extracted thoroughly with methylene chlor-
ide, the combined extracts washed successively with
water, saturated aqueous sodium bicarbonate solution

_\]C\Lhkwt\)—-
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and brine and then evaporated to dryness. The residual
product, 1.37 g. (66% yield) of 4-hydroxy-1-phenyl-1-
cyclohexanecarboxaldehyde(c) has a melting point of
74° to 76° C.

Anal. Calcd. for C,;H,0,: C, 76.44; H, 7.90. Found:
C, 76.06; H, 7.84.

Following the procedure of Example 2A but substi-
tuting other 4-cyano-4-phenylcyclohexanols(b) as
starting materials, such as

1. 4-cyano-4-(5-chlorophenyl)cyclohexanol(b),

2. 4-cyano-4-(4-ethylphenyl)cyclohexanol(b),

3. 4-cyano-4-(3-propoxyphenyl)cyclohexanol(b),

4. 4-cyano-4-(5-isopropylaminophenyl)cyclohex-
anol(b),

4-cyano-4-(4-propionylamidophenyl)cyclohex-
anol(b),
and the like,
yields, respectively,

1. 4-hydroxy-1-(5-chlorophenyl)-1-cyclohexanecar-
boxaldehyde(c),

4-hydroxy-1-(4-ethylphenyl)-1-cyclohexanecar-
boxaldehyde(c),

4-hydroxy-1-(3-propoxyphenyl)-1-cyclohex-

anecarboxaldehyde(c),

4-hydroxy-1-(5-isopropylaminophenyl)-1-
cyclohexanecarboxaldehyde(c),

4-hydroxy-1-(4-propionylamidophenyl-1-
cyclohexanecarboxaldehyde(c), and the like.
Example 3A Ethyl-4-hydroxy-1-phenylcyclohexanea-

crylate(f)

I. To a partial solution of 3.51 g. (0.017 M) of 4-
hydroxy-1-phenyl-1-cyclohexanecarboxaldehyde(c)
(obtained as in Example 2A) in 35 ml. of ether, 2 g. of
dihydropyan and 0.11 g. of p- toluenesulfonic acid is
added. After stirring for a short time at room tempera-
ture, complete solution is attained. The reaction mix-
ture after standing at room temperature for about 4
hours is washed first with saturated aqueous sodium
bicarbonate solution then with brine and evaporated to
dryness. The residue is recrystallized once from petro-
leum ether to give 4.53 g. of 4-hydroxy-1-phenyl-1-
cyclohexanecarboxaldehyde pyranyl ether (d), having
a melting point of 43.5 to 54° C.

2. A solution of 3.52 g. (0.158M) of triethyl phos-
phonoacetate in 45 ml. of tetrahydrofuran is prepared
and 0.67 g. of 56% sodium hydride added. The mixture
is stirred at room temperature for about 30 minutes and
a solution of (0.158M) of the 4-hydroxy-1-phenyl-1-
cyclohexanecarboxaldehyde pyranyl ether (d) {pre-
pared as in (1), above], in 45 ml. of tetrahydrofuran
added. Following about 4 hours of heating at reflux and
about 15 hours of standing at room temperature, most
of the solvent is removed under vacuum and the resi-
due taken up in ether and water. The organic layer is
washed with water and brine and then evaporated to
dryness to give methyl-4-hydroxy-1-phenylcyclohex-
aneacrylate tetrahydropyranyl ether (e).

3. A solution of the methyl-4-hydroxy-1-phenylcy-
clohexaneacrylate tetrahydropyranyl ether (e) [pre-
pared as in (2), above,] in 75 ml. of methanol and 7.5
ml. of 2.5 N hydrochloric acid is stirred at room tem-
perature for about 1 hour and then most of the metha-
nol removed under vacuum. The residue is dissolved in
ether and water and the organic layer washed succes-
sively with water, saturated aqueous sodium bicarbon-
ate solution and brine and then evaporated to dryness.
The residue is chromatographed on a column of 500 g.
of silica gel (silicic acid) with elution first by 5.5 1. of
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methylene chloride, then 20% ethyl acetate:methylene
chloride. The more polar fractions found similar by
thin layer chromatography (TLC) are combined to

- yield 3.5 g. (80% yield) of ethyl-4-hydroxy-1-phenylcy-

clohexaneacrylate(f) as a gum.

Following the procedure of Example 3A but substi-
tuting other 4-hydroxy-1-phenyl-1-cyclohexanecarbox-
aldehydes(c) as starting materials, such as

1. 4-hydroxy-1-(3-bromophenyl)-1-cyclohexanecar-
boxaldehyde(c),

2. 4-hydroxy-1-(4-propylphenyl)-1-cyclohexanecar-
boxaldehyde(c),

- 3. 4-hydroxy-1-(5-ethoxyphenyl)-1-cyclohexanecar-
boxaldehyde(c),

4. 4-hydroxy-1-(3-methylaminophenyl)-1-cyclohex-
anecarboxaldehyde(c),

5. 4-hydroxy-1-(2-formylamidophenyl-1-cyclohex-
anecarboxaldehyde(c), and the like,
yields, respectively,

1. ethyl-4-hydroxy- 1-(3-bromophenyl)cyclohexanea-
crylate(f),

2. ethyl-4-hydroxy-1-(4-propylphenyl)cyclohexanea-
crylate(f),

3. ethyl-4-hydroxy-1-(5-ethoxyphenyl)cyclohex-
aneacrylate(f),

4. ethyl-4-hydroxy-1-(3-methylaminophenyl)cy-
clohexaneacrylate(f),

S. ethyl-4-hydroxy-1-(2-formylamidophenyl)cy-
clohexaneacrylate(f), and the like.

Example 4A Ethyl-4-hydroxy-1-phenylcyclohexane-3-
propionate(g)

A mixture of 3.5 g. (0.0128 M) of ethyl-4-hydroxy-1-
phenylcyclohexaneacrylate(f) prepared in Example
3A), 150 ml. of ethyl acetate and 0.4 g. of palladium on
carbon catalyst is hydrogenated until the theoretical
amount of hydrogen is consumed. The catalyst is col-
lected on a filter and the filtrate evaporated to dryness
to give 3.36 g. (95% yield) of ethyl-4-hydroxy-1-
phenylcyclohexane-3-propionate(g) as a gum.

Following the procedure of Example 4A but substi-
tuting other alkyl-4-hydroxy-1-phenylcyclohexanea-
crylates(f) as starting materials, such as

1.  methyl-4-hydroxy-1-(2-chlorophenyl)cyclohex-
aneacrylate(f),

2. propyl-4-hydroxy-1-(3-methoxyphenyl)cyclohex-

aneacrylate(f),

3. methyl-4-hydroxy-1-(5-ethylaminophenyl)cy-
clohexaneacrylate(f),

4. ethyl-4-hydroxy-1-(4-acetylamidophenyl)cy-

clohexaneacrylate(f), and the like,
yields, respectively,

1. methyl-4-hydroxy-1-(2-chlorophenyl)cyclohex-
ane-3-propionate(g),

2. propyl-4-hydroxy-1-(3-methoxyphenyl)cyclohex-
ane-3-propionate(g),

3. methyl-4-hydroxy-1-(5-ethylaminophenyl)cy-
clohexane-3-propionate(g),

4. ethyl-4-hydroxy-1-(4-acetylamidophenyl)cy-
clohexane-3-propionate(g), and the like.

Example 5A 4-Hydroxy-1-phenylcyclohexane-3-pro-

pionic acid (h)

A solution of 0.68 g. (0.0025 M) of ethyl-4-hydroxy-
1-phencyclohexane-3-propionate(g) (obtained in Ex-
ample 4A) and 1 ml. of 50% sodium hydroxide in 10
ml. of methanol is heated at reflux for about 20 hours.
Most of the solvent is removed under vacuum and the
residue dissolved in water. The aqueous solution is
washed with ether and made acidic with concentrated
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hydrochloric acid. A solid precipitate is collected on a
filter and recrystallized from benzene to give 0.44 g,
(71% yield) of 4-hydroxy-1-phenylcyclohexane-3-pro-
pionic acid (h) having a melting point of 153.5 to 155°
C

Anal. Calcd. for C;sH,,0: C, 72.55; H, 8.12. Found:
C, 7247, H, 8.05.

Following the procedure of Example 5A but substi-
tuting other alkyl-4-hydroxy-1-phenylcyclohexane-3-
propionates (g) as starting materials, such as

1.  methyl-4-hydroxy-1-(3-fluorophenyl )cyclohex-
ane-3-propionate(g),

2. isopropyl-4-hydroxy-1-(4-ethoxyphenylcyclohex-
ane-3-propionate(g),

3. ethyl-4-hydroxy-1-(5-ethylaminophenyl)cyclohex-
ane-3-propionate(g),

4. propyl-4-hydroxy- 1-(4-acetylamidophenyl)cy-
clohexane-3-propionate(g), and the like,
yields, respectively,

1. 4-hydroxy-1-(3-fluorophenyl)cyclohexane-3-pro-
pionic acid(h),

2. 4-hydroxy-1-(4-ethoxyphenyl)cyclohexane-3pro-
pionic acid(h),

3. 4-hydroxy-1-(5-ethylaminophenyl)cyclohexane-3-
propionic acid(h), -

4. 4-hydroxy-1-(4-acetylamidophenyl)cyclohexane-
3-propionic acid(h), and the like.

Example 6A 4-Oxo-1-phenylcyclohexane-3-propionic
acid(i)

To a mechanically stirred, ice cooled partial solution
of 2.36 g. (0.0095 M) of 4-hydroxy-1-phenylcyclohex-
ane-3-propionic acid(h) (prepared as in Example 5A)
in acetone, 5 ml. of Jones reagent (chromium trioxide-
sulfuric acid) is added in the course of about 5 minutes.
Most of the solvent is removed under vacuum and the
residue dissolved in ether and water. The organic layer
is washed with water and brine, evaporated to dryness
and the residue recrystallized from methylene chloride:
Skellysolve B to give 2.13 g. (91.2% yield) of 4-oxo-1-
phenylcyclohexane-3-propionic acid(i) having a melt-
ing point of 139° to 140.5° C.

Anal. Calcd. for C,;H,40;: C, 73.14; H, 7.37. Found:
C,72.49; H, 7.27.

Following the procedure of Example 6A but substi-
tuting other 4-hydroxy-1-phenylcyclohexane-3-pro-
pionic acids(h) as starting materials, such as

1. 4-hydroxy-1-(3-bromophenyl)cyclohexane-3-pro-
pionic acid(h),

4-hydroxy-1-(3-ethylphenyl)cyclohexane-3-pro-
pionic acid(h),

3. 4-hydroxy-1-( 5-methylaminophenyl)cyclohexane-
3-propionic acid(h), and the like, yields, respec-
tively,

1. 4-ox0- 1-(2-bromophenyl )cyclohexane-3-pro-
pionic acid(i),

2. 4-oxo-1-(3-ethylphenyl)cyclohexane-3-propionic

acid(i),

4-0x0-1-(5-methylaminophenyl)cyclohexane-3-
propionic acid(i), and the like.

Example 7A 4-Cyano-4-phenylcyclohexanone, ethyl-
ene ketal(j)

A mixture of 10 g. (0.05 M) of 4-cyano-4-cyano-4-
phenylcyclohexanone(a), 2.85 ml. {3.16 g. (0.51M)]
of ethylene glycol and 0.12 g. of p-toluenesulfonic acid
in 90 ml. of benzene is heated at reflux under a Dean-
Stark trap for about 6 hours. The solution is allowed to
cool and then washed successively with sodium bicar-
bonate solution, water and brine. The organic layer is
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evaporated to dryness and the residue recrystallized
from cyclohexane to give 11.27 g. (92.7% yield) of
4-cyano-4-phenylcyclohexane, ethylene ketal(j), hav-
ing a melting point of 120° to 122.5° C.

Anal. Calcd. for C,;sH;;NO,: C, 74.05; H, 7.04; N,
5.76 Found: C, 74.10; N, 6.98; N, 5.77.

Following the procedure of Example 7A but substi-
tuting other 4-cyano-4-phenylcyclohexanones(a) as
starting materials, such as

1. 4-cyano-4-(4-chlorophenyl)cyclohexanone(a),

2. 4-cyano-4-(4-methoxyphenyl)cyclohexanone(a),

3. 4-cyano-4-( 3-ethylaminophenyl)cyclohex-
anone(a),

4-cyano-4-( 2-propionylamidophenyl )cyclohex-
anone{a), and the like,
yields, respectively,

1. 4-cyano-4-(4-chlorophenyl)cyclohexanone, ethyl-

ene ketal(j),

2. 4-cyano-4-(4-methoxyphenyl)cyclohexanone, eth-
ylene ketal(j),

4-cyano-4-(3-ethylaminophenyl)cyclohexanone,
ethylene ketal(j),

4-cyano-4-(2-propionylamidophenyl )cyclohexa-
none, ethylene ketal(j), and the like.
Example 8A 4-Oxo-1-phenylcyclohexanecarboxalde-
hyde, 4-ethylene ketal(k)

To a suspension of 0.16 g. (0.0014 M) of lithium
aluminum hydride in 10 ml. of tetrahydrofuran, 2g.
(0.0082 M) of 4-cyano-4-phenylcyclohexanone ethyl-
ene ketal(j) (prepared as in Example 7A) in 100 ml. of
tetrahydrofuran is added in the course of about 15
minutes. The mixture is stirred at room temperature for
about 1.75 hours and then cooled in an ice bath, and
then 0.16 ml. of water, 0.16 ml. of 15% aqueous so-
dium hydroxide solution and 0.48 ml. of water added
successively. The inorganic gel is collected on a filter,
rinsed with ether and the combined filtrates evaporated
to dryness. The residue in 30 ml. of tetrahydrofuran
and 3 ml. of 2.5 N hydrochloric acid is stirred at room
temperature for about 15 minutes, treated with 1 g. of
sodium bicarbonate and then evaporated to dryness
under vacuum. Ether is added to the residue, the or-
ganic portion separated and evaporated to dryness. The
residue is chromatographed on silica gel, eluted with
1% ethyl acetate: methylene chloride and the more
polar cyrstalline fractions combined to yield 0.87 g.
(86.4% of theoretical) of 4-oxo-1-phenylcyclohex-
anecarboxaldehyde, 4-ethylene ketal(k), having a
melting point of 56° to 64° C. and nuclear magnetic
resonance (NMR) and infrared (IR) spectra in agree-
ment with the expected structure of the compound

Following the procedure of Example 8A but substi-
tuting other 4-cyano-4-phenylcyclohexane ethylene
ketals(j) as starting materials, such as

1. 4-cyano-4-(3-fluorophenyl)cyclohexanone, ethyl-
ene ketal(j),

2. 4-cyano-4-(2-ethylphenyl)cyclohexanone, ethyl-
ene ketal(j),

3. 4-cyano-4-(4-propylaminophenyljcyclohexanone,
ethylene ketal(j),

4. 4-cyano-4-(S-acetylamidophenyl)cyclohexanone,
ethylene ketal(j), and the like,
yields, respectively,

1. 4-oxo-1-(3-fluorophenyl)cyclohexanecarboxalde-
hyde, ethylene ketal(k),

2. 4-ox0-1-(2-ethylphenyl)cyclohexanecarboxalde-
hyde, ethylene ketal(k),

4.
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3. 4-oxo-1-(4-propylaminophenyl)cyclohexanecar-
boxaldehyde, ethylene ketal(k),

4.  4-ox0-1-(5-acetylamidophenyl)cyclohexanecar-
boxaldehyde, ethylene ketal(k), and the like.
Example 9A Ethyl-4-oxo-1-phenylcyclohexaneacry-

late, ethylene ketal(l)

To a solution of 4.74 g. (0.021 M) of triethyl phos-
phonoacetate in 60 ml. of tetrahydrofuran, 0.89 g. of
57% sodium hydride is added. Following about 10 min-
utes of stirring at room temperature a solution of 5.2 g
(0.021 M) of 4-oxo-1-phenylcyclohexanecarboxalde-
hyde 4-ethylene ketal(k) (prepared as in Example 8A)
in 60 ml. of tetrahydrofuran is added. The solution is
stirred at reflux for about 4 hours and at room tempera-
ture for about 18 hours. Most of the solvent is removed
under vacuum, and the residue dissolved in ether and
water. The organic layer is washed with water and brine
and then evaporated to dryness. The residue is chro-
matographed over a column of 700 ml. of silica gel and
eluted, first, with 1600 mil. of Skellysolve B, then with
4 1. of 5% acetone: Skellysolve B. The ultraviolet ab-
sorbing fractions found to be alike by TLC are com-
bined to give 6.38 g. (96% yield) of ethyl-4-oxo-1-
phenylcyclohexaneacrylate ethylene ketal(l) as a gum.

Following the procedure of Example 9A but substi-
tuting other 4-oxo-1-phenylcyclohexanecarboxalde-
hyde 4-ethylene ketals(k) as starting materials, such as

1. 4-oxo0-1-(2-bromophenyl)cyclohexanecarboxalde-
hyde, ethylene ketal(k),

2. 4-ox0-1-(3-ethoxyphenyl)cyclohexanecarboxalde-
hyde, ethylene ketal(k), and the like,
yields, respectively,

1. ethyl-4-oxo-1-(2-bromophenyl)cyclohexaneacry-
late, ethylene ketal(l),

2. ethyl-4-oxo0-1-(3-ethoxyphenyl)cyclohexaneacry-
late, ethylene ketal(l), and the like.

Example 10A Ethyl-4-oxo-1-phenylcyclohexane-3-pro-
pionate, ethylene ketal(m)

A mixture of 6.38 g. (0.0202 M) of ethyl-4-oxo-1-
phenylcyclohexaneacrylate ethylene ketal(1) (obtained
in Example 9A), 0.63 g. of 10% palladium on carbon
catalyst and 150 ml. of ethyl acetate is shaken under an
atomsphere of hydrogen until the theoretical amount is
consumed. The catalyst is collected on a filter and the
filtrate evaporated to dryness to give 6.38 g. (about
100% of theoretical yield) of ethyl-4-oxo-1-phenylcy-
clohexane-3-propionate, ethylene ketal(m) as a crude
oil.

Following the procedure of Example 10A but substi-
tuting other alkyl-4-oxo-1-phenylcyclohexaneacrylate
ethylene ketals(m) as starting materials, such as

1. ethyl-4-0xo0-1-(3-methylphenyl)cyclohexaneacry-
late, ethylene ketal(l), and the like,
yields,

1.  ethyl-4-0x0-1-(3-methylphenyl)cyclohexane-3-
propionate, ethylene ketal(m), and the like.

Example 1 1A 4-Oxo-1-phenylcyclohexane-3-propionic
acid, ethylene ketal(n)

A solution of 6.38 g. (0.020 M) of ethyl-4-oxo-1-
phenylcyclohexane-3-propionate ethylene ketal(m)
(obtained in Example 10A) and 8 ml. of 50% sodium
hydroxide solution in 80 ml. of methanol is heated at
reflux for about 20 hours. Most of the methanol is
removed under vacuum, water added to the residue
and the latter washed with ether. The aqueous layer is
then made strongly acidic and the material that precipi-
tates is extracted with ether. The combined ether ex-
tracts are washed with brine and evaporated to dryness
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to give 4-oxo-l-phenylcyclohexane-3-propionic acid,
ethylene ketal(n).

Following procedure for Example 11A but substitut-
ing other alky!-4-oxo-1-phenylcyclohexane-3-propion-
ate ethylene ketals(m) as starting materials, such as

1. propyl-4-oxo-1-(S-ethoxyphenyl )cyclohexane-3-
propionate, ethylene ketal(m),

2. methyl-4-oxo-1-(3-acetylamidophenylcyclohex-
ane-3-propionate, ethylene ketal(m), and the like,
yields, respectively,

1. 4-ox0-1-(5-ethoxyphenyl)cyclohexane-3-pro-
pionic acid, ethylene ketal(n),

2. 4-ox0-1-(3-acetylamidophenyl)cyclohexane-3-
propionic acid, ethylene ketal(n), and the like.
Example 12A 4-Oxo-1-phenylcyclohexane-3-propionic

acid(i)

The 4-oxo-1-phenylcyclohexane-3-propionic  acid
ethylene ketal(n) obtained in Example 11A is dissolved
in 50 ml. of acetone and 5 ml. of 2.5 N hydrochloric
acid and allowed to stand at room temperature for
about 48 hours. The solution is evaporated to near
dryness under vacuum and the residue dissolved in
water and ether. The organic layer is washed with water
and brine and evaporated to dryness. The residue is
recrystallized from methylene chloride: Skellysolve B
to give 1.7 g. (34.5% yield of 4-oxo-1-phenylcyclohex-
ane-3-propionic acid(i) having a melting point of 143°
to 144.5° C. This compound is identical to the com-
pound prepared in Example 6A.

Anal. Caled. for CzH,,05: C, 73.15; H, 7.37 Found:
C, 73.04; H, 7.40.

Following the procedure of Example 12A but substi-
tuting other 4-oxo-1-phenylcyclohexane-3-propionic
acid alkylene ketals(n) as starting materials, such as

1. 4-0x0-1-(3-chlorophenyl)cyclohexane-3-pro-
pionic acid, ethylene ketal(n),

2. 4-oxo-1-(4-isopropylphenyl)cyclohexane-3-pro-
pionic acid, ethylene ketal(n),

3. 4-oxo-1-(5-methylaminophenyl )cyclohexane-3-
propionic acid, ethylene ketal(n), and the like,
yields, respectively,

1. 4-o0x0-1-(3-chlorophenyl)cyclohexane-3-pro-
pionic acid(i),

2. 4-oxo0-1-(4-isopropylphenyl)cyclohexane-3-pro-
pionic acid(i),

3. 4-oxo-1-(5-methylaminophenyl)cyclohexane-3-
propionic acid(i), and the like.

Example 13A  Spiro[cyclohexane-1,1'(2’H)-naph-
thalene }-4,4'(3'H)dione(o)

To 5g. (0.0203 ) of 4-oxo-1-phenylcyclohexane-3-
propionic acid(i) (prepared as in Examples 6A or
12A), 5 ml. of hydrogen fluoride is distilled and the
solution allowed to stand at room temperature for
about 20 hours. The residue is dissolved in ether,
washed successively with water, saturated aqueous
sodium bicarbonate solution and brine and then evapo-
rated to dryness. The residue is recrystallized from
ether to give 0.13 g. (28% of theoretical yield) of spi-
ro[cyclohexane-1,1'(2'H)-naphthalene]-4,4'(3'H)-
dione(o) having a melting point of 145.5° to 148° C.

Calcd. for C;sH,40,: C, 78.23; H, 7.88 Found: C,
78.39; H, 7.18.

Following the procedure of Example 13A but substi-
tuting other 4-oxo-l-phenylcyclohexane-3-propionic
acids(i) as starting materials, such as

1. 4-0x%0-1-(3-propylphenyl )cyclohexane-3-pro-
pionic acid(i),
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2. 4-ox0-1-(4-ethoxyphenyl)cyclohexane-3-pro-
pionic acid(i),

3. 4-oxo-1-(2-ethylaminophenylcyclohexane-3-pro-
pionic acid(i),

4.  4-oxo-1-(3-acetylamidophenyl)cyclohexane-3-
propionic acid(i), and the like, yields, respectively,

1. 6’-propylspirof{ cyclohexane-1,1'(2'H)naph-
thalene ]-4,4'(3'H)-dione(0),

2. 7'-ethoxyspiro[cyclohexane-1,1'(2'H)-naph-
thalene]-4,4'(3'H)-dione(o0),

3. 5’-ethylaminospiro[cyclohexane-1,1'(2'H)-naph-
thalene]-4,4'(3'H)-dione(0),

4. 6'-acetylamidospirocyclohexane-1,1'(2'H)-naph-
thalene]-4,4'(3’H)-dione(0), and the like.

Example 14A  Spiro[cyclohexane-1,1'(2'H)-naph-
thalene]-4,4(3'H)-dione, 4-(2,2-dimethyltrimethy-
lene ketal)(p)

A solution of 3.19 g. (0.014 M) of spiro[cyclohex-
ane-1,1'(2'H)-naphthalene]-4,4'(3'H)-dione(o) (pre-
pared as in Example 13A), 1.45 g. (0.014 M) of 2,2-
dimethylpropanediol and 0.06 g. of p-toluenesulfonic
acid in 57 ml. of benzene is heated under a Dean-Stark
trap for about 5.5 hours. The solution is washed with
saturated aqueous sodium bicarbonate and brine and
then evaporated to dryness. The residue is chromato-
graphed over a column of 400 ml. of Florisil (activated
magnesium silicate) and eluted with 7.5% ethyl ace-
tate: Skellysolve B. The crystalline fractions are com-
bined to yield 3.29 g. (75% of theoretical) of spiro[cy-
clohexane-1,1'(2'"H)-naphthalene 4,4’ (3'H)-dione,
4-(2,2-dimethyltrimethylene ketal)(p) having a melt-
ing point of 136° to 138° C.

Anal. Caled. for CyHygQO4: C, 76.40; H, 8.34 Found:
C, 76.49; H, 8.38.

Following the procedure of Example 14A but substi-
tuting  other  spiro[cyclohexane-1,1'(2"H)-naph-
thalene[-4,4'(3'H)-diones(o) as starting materials,
such as

1. 5'-fluorospiro[cyclohexane-1,1'(2'H)-naph-
thalene]-4,4'(3'H)-dione(o),

2. 6'-methylspiro{ cyclohexane-1,1'(2"H)-naph-
thalene]-4,4'(3'H)-dione(0), and the like,
yields, respectively,

1. 5'-fluorospiro| cyclohexane-1,1'(2'H)-naph-
thalene]-4,4'(3'H)-dione, 4-(2,2-dimethyltrimethylene
ketal)}(p),

2. 6'-methylspiro[cyclohexane-1,1'(2'H)-naphtha-
lene] -4,4'(3'H)-dione, 4-(2,2-dimethyltrimethylene
ketal)(p), and the like.

Example 15A 3’,4'-Dihydrospiro[cyclohexane-1,1'(-
2'H)-naphthalen]-4-one, 2,2-dimethyltrimethylene
ketal(q)

A solution of 3.63 g. (0.0115 M) of spiro[ cyclohex-
ane-1,1’(2’H)-naphthalene]-4,4'(3'H)-dione, 4-(2,2-
dimethyltrimethylene ketal(p) (prepared as in Exam-
ple 14A), 1.54 ml. of hydrazine hydrate and 2.23 g. of
potassium hydroxide in 28 ml. of ethylene glycol is
heated to reflux. Distillate is collected until the pot
temperature rises to 200° C. and refluxing is continued
for about 18 hours. The mixture is poured into water
and a precipitated material is extracted with ether. The
combined extracts are washed with water and brine and
then evaporated to dryness. The residue is recrystal-
lized from petroleum ether to give 2.39 g. (69.5%
yield) of 3‘,4'-dihydrospiro[cyclohexane-1,1'(2'H})-
naphthalene]-4-one, 2,2-dimethyltrimethylene  ke-
tal(q) having a melting point of 109° to 111° C.
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Anal. Caled. for CaoHz40,: C, 79.95; H, 9.39 Found:
C, 79.95; H, 9.51.

Following the procedure of Example 15A but substi-
tuting other 3',4’-dihydrospiro[cyclohexane-1,1'(-
2'H)-naphthalene]-4,4'(3'H)-dione, 4-( 2,2-dimethyl-
trimethylene ketals)(p) as starting materials, such as

1. 5'-fluorospiro[ cyclohexane-1,1'(2"H)-naph-
thalene]-4,4'(3'H)-dione, 4-(2,2-dimethyltrimethylene
ketal)(p),

2. 6'-nitrospiro[ cyclohexane-1,1’(2°H)-naph-
thalene}4,4'(3'H)-dione, 4-(2,2-dimethyltrimethylene
ketal)(p), and the like,
yields, respectively,

1. 5'-fluorospiro[ cyclohexane-1,1'(2'H)-naph-
thalen]-4-one, 2,2-dimethyltrimethylene ketal(q),

2. 6'-nitrospirof cyclohexane-1,1°(2'"H)-naphthalen]-
4-one, 2,2-dimethyltrimethylene ketal(q), and the like.
Example 16A 3',4'-Dihydrospiro{cyclohexane-1,1°(-

2'H)-naphthalen]-4-one(r)

A mixture of 2.39 g. (0.008 M) of 3',4'-dihydros-
piro[cyclohexane-1,1'(2'H)-naphthalen]-4-one, 2,2-
dimethyltrimethylene ketal(q) and 2.4 mi. of 2.5 N
hydrochloric acid in 24 ml. of acetone is stirred at room
temperature for about 6 hours. To the reaction mix-
ture, 15 ml. of water is added and most of the acetone
removed under vacuum. Ether is added to the residue,
the organic layer washed successively with water, satu-
rated aqueous sodium bicarbonate solution and brine
and then evaporated to dryness. The residue is recrys-
tallized from petroleumn ether to give 1.19 g. (70%
yield) of 3',4’-dihydrospiro[cyclohexane-1,1'(2"H)-
naphthalen]-4-one(r) having a melting point of 115° to
120° C.

Following the procedure of Example 16A but substi-
tuting other 3’,4'-dihydrospiro[cyclohexane-1,1'(-
2'H)-naphthalen]-4-one, 2,2-dimethyltriethylene ke-
tals(q) as starting materials, such as

1. 2’-chlorospiro{ cyclohexane-1,1'(2'H)-naph-
thalen]-4-one, 2,2-dimethyltrimethylene ketal(q),

2.  3’'-methoxyspiro{cyclohexane-1,1'(2"H)-naph-
thalen]-4-one, 2,2-dimethyltrimethylene ketal(q),

3. 4'-acetylamidospiro| cyclohexane-1,1°(2"H)-naph-
thalen]-4-one, 2,2-dimethyltrimethylene ketal(q), and
the like,
yields, respectively,

1. 2'-chlorospiro[cyclohexane-1,1'(2'H)-naph-
thalen]4-one(r), ~

2. 3'-methoxyspiro[cyclohexane-1,1'(2'H)-naph-
thalen}-4-one(r),

3. 4'-acetylamidospiro[cyclohexane-1,1’(2'H)-naph-
thalen]-4-one(r), and the like.

Example 17A 3’,4'-Dihydrospiro[cyclohexane-1,1"(-
2'H)naphthalen}-4-ol(s)

To a partial solution of 5.10 g. (0.038 M) of 3'4'-
dihydrospiro[cyclohexane-1,1'(2’H)-naphthalen]-4-
one(r) (prepared as in Example 16A) in 105 ml. of
95% ethanol, 2.59 g. of sodium borohydride is added
and the mixture stirred at room temperature for about
4 hours. Most of the solvent is removed under vacuum
and water added to the residue. The material that pre-
cipitates is extracted with ether and the combined ex-
tracts washed with water and brine and evaporated to
dryness. The residue is recrystallized once from Skel-
lysolve B and then chromatographed over a column
containing 500 ml. of silica gel with elution by 10%
acetone:Skellysolve B. On the basis of TLC the less
polar fractions are combined and recrystallized from
benzene:cyclohexane to give a small amount of 3',4'-
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dihydrospiro[cyclohexane-1,1’(2'H)-naphthalen]-4-
ol(s), having a melting point of 144.5° to 146° C., and
an NMR spectrum suggesting that the compound has
the hydroxy substituent in the axial position.

Anal. Calcd. for C;3H,,0: C, 83.28; H, 9.72 Found:
C, 83.53; H, 9.61.

On the basis of melting point the more polar fractions
are combined and recrystallized from Skellysolve B to
give 3.89 g. (75.6% yield) of 3',4’-dihydrospiro[cy-
clohexane-1,1'(2'H)-naphthalen]-4-ol(s) having a
melting point of 80° to 83° C., and an NMR spectrum
suggesting that the compound has the hydroxy substitu-
ent in the equatorial position.

Anal. Calcd. for C;5H,O: C, 83.28; H, 9.32 Found:
C, 83.47; H, 9.55.

Following the procedure of Example 17A but substi-
tuting other 3’,4’-dihydrospiro[cyclohexane-1,1’(-
2'H)-naphthalen]-4-ones(r) as starting materials, such
as

L. 5'-bromospiro[cyclohexane-1,1'(2'H)-naph-
thalen}-4-one(r),

2. 6’-ethylspiro[cyclohexane-1,1’( 2'H)-naphthalen]-
4-one(r), and the like,
yields, respectively,

1. trans and cis 5'-bromospiro[cyclohexane-1,1'(-
2'H)naphthalen]-4-ol(s),

2. trans and cis 6'-ethylspiro[cyclohexane-1,1'(2'H)-
naphthalen]-4-ol(s), and the like.

Example 18A 3’,4'-Dihydrospiro{cyclohexane-1,1’(-
2'H)-naphthalen]-4-ol, methane sulfonate(t)

To an ice-cooled solution of 3.89 g. (0.018 M) of
3',4'-dihydrospiro[ cyclohexane-1,1'(2"H)-naph-
thalen}-4-ol -(obtained in Example 17A) in 40 ml. of
pyridine, 4 ml. of methane sulfonyl chloride is added.
The mixture is allowed to stand in the cold for about 6
hours and then diluted with water. The material that
precipitates is extracted with ether and the combined
extracts washed successively with ice cold 2.5 N hydro-
chloric acid, water, saturated aqueous sodium bicar-
bonate solution and brine and then evaporated to dry-
ness. The residue is recrystallized from cyclohexane to
give 5 g. (94.3% yield) of 3',4’-dihydrospiro[ cyclohex-
ane-1,1'(2'H)-naphthalen}-4-ol methane sulfonate(t),
having a melting point of 118° to 120° C.

Anal. Calcd. for CgH;,0,S: C, 65.27; H, 7.53; S,
10.89 Found: C, 65.17; H, 7.61; S, 10.70.

Following the procedure of Example 18A but substi-
tuting other 3',4’-dihydrospiro[cyclohexane-1,1'(-
2'H)-naphthalen-4-ols(s) as starting materials, such as

I. 6’-fluorospiro[ cyclohexane-1,1’(2’H)-naph-
thalen }4-ol(s),

2. 8'-propoxyspiro[ cyciohexane-1,1'(2’H)-naph-
thalen]-4-ol(s), and the like,
yields, respectively,

6’-fluorospiro| cyclohexan-1,1'(2’H)-naph-
thalen]4-ol methane sulfonate(t),

2. 8'-propoxyspiro[cyclohexane-1,1'(2'H)-naph-
thalen]-4-o0l methane sulfonate(t), and the like.
Example 19A 3',4’-Dihydrospiro{cyclohexane-1,1"(-

2'H)-naphthalen]-4-ylazide(u)

A mixture of 5 g. (0.017 M) of 3',4'-dihydrospiro{cy-
clohexane-1,1'(2'H)-naphthalen-4-0l methane sul-
fonate(t) (obtained in Example 18A) and 5 g. of so-
dium azide in 50 ml. of dimethylformamide is heated in
an oil bath at 90° C. for about 20 hours. Most of the
solvent is removed under vacuum and the residue dis-
solved in water and benzene. The organic layer is
washed with water and brine and evaporated to dryness

20

25

30

35

40

45

50

55

60

65

52
to yield crude 3’,4'-dihydrospiro[cyclohexane-
1,1(2'H)-naphthalen]-4-ylazide(u) as an oil.

Following the procedure of Example 19A but substi-
tuting other 3',4'-dihydrospiro[cyclohexane-1,1’(-
2'H)-naphthalen]-4-ylazides(t) as starting materials,
such as

1. 5’-ethylspiro[cyclohexane-1,1'( 2'H)-naphthalen]-
4-ol methanesulfonate(t),

2. 6'-acetylamidospiro[ cyclohexane-1,1’(2'H)-naph-
thalen]-4-ol methanesulfonate(t), and the like,
yields, respectively,

1. 5'-ethylspiro[cyclohexane-1,1'(2'H )-naph-
thalen]4-ylazide(u),

2. 6'-acetylamido[cyclohexane-1,1'(2'H)-naph-
thalen}-4-ylazide(u), and the like.

Example 20A 3’,4'-Dihydrospiro{cyclohexane-1,1"(-
2'H)-naphthalen]-4-ylamine hydrochloride[I(a)]

A solution of the 3',4’-dihydrospiro[cyclohexan-
1,1'(2'H)-naphthalen}-4-ylazide(u) obtained in Exam-
ple 19A in 75 ml. of tetrahydrofuran, is added to a
suspension of 0.65 g. of lithium aluminum hydride in 8
ml. of tetrahydrofuran, stirred at room temperature for
about 5.5 hours and cooled in an ice bath. To this, 0.65
ml. of water, 0.65 ml. of 15% aqueous sodium hydrox-
ide and 1.95 ml. of water are added successively. The
resulting gel is collected on a filter, washed with ether
and the filtrates evaporated to dryness. The residue is
dissolved in a small amount of ether and an excess of
6.4 N hydrogen chloride in ether added. The precipi-
tate is collected on a filter and recrystallized from me-
thanol:ethyl acetate to yield 1.76 g. of 3’,4’-dihydro[-
cyclohexane-1,1'(2°H)-naphthalen ]-4-ylamine hydro-
chloride[1(a)] melting at 271° to 273° C.

Following the procedure of Example 20A but substi-
tuting for hydrogen chloride another suitable (pharma-
cologically acceptable) acid, such as hydrobromic,
sulfuric, phosphoric, nitric, benzoic, naphthoic, sali-
cylic, tartaric, nicotinic, cyclohexanesulfamic, hex-
ynoic, lactic, palmitic, glutaric, acetic, propionic, phe-
nylbutyric acid, and the like, yields a corresponding
acid addition salt of 3',4'dihydrospiro[cyclohexane-
1,1'(2'H)-naphthalen}-4-ylamine {I(a)].

Following the procedure of Example 20A but substi-
tuting another 3',4’-dihydrospiro[cyclohexane-1,1'(-
2'H)-naphthalen]-4-ylazide(u) as starting material,
such as

1. 5'-chlorospiro[cyclohexane-1,1’(2'H)-naph-
thalen}-4-ylazide(u),

2. 6’-methoxyspiro[cyclohexane-1,1’'(2'H)-naph-
thalen]-4-ylazide(u), and the like,
yields, respectively,

1. 5’-chlorospiro[ cyclohexane-1,1’(2'H)-naph-
thalen]-4-ylamine hydrochloride{l(a)],

2. 6'-methoxyspiro[cyclohexane-1,1’(2'H)-naph-
thalen]-4-ylamine hydrochloride{I(a)], and the like.
EXAMPLE 21A [-[3",4'-Dihydrospiro(cyclohexane-

1,1'(2'"H)-naphthalen )-4-yl piperidine[I(a)]

The amine prepared from 1.5 g. of 3',4'-dihydros-
piro[cyclohexane-1,1'(2'H)-naphthalen-]4-ylamine
hydrochloride {lI(a)] (obtained as in Example 20A),
1.9 g. of 1,5 -diiodopentane and 1.6 g. of potassium
carbonate in 18 ml. of ethanol is stirred at reflux for
about 18 hours. The mixture is allowed to cool, diluted
with water, the solid collected on a filter and recrystal-
lized from methanol to give 1-[3’,4"-dihydrospiro(cy-
clohexane-1,1'(2'H-naphthalen-4-yl]piperidine[1(a)].

Following the procedure of Example 21A but substi-
tuting the same and other (a) acid addition salts of
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3’,4'-dihydrospiro| cyclohexane-1,1'(2'H)-naph-
thalen]-4-ylamines[I(a)] and (b) dihaloalkanes in stoi-
chiometrically appropriate amounts as starting materi-
als, such as

1. 3',4'-dihydrospiro[cyclohexane-1,1’(2'"H)-naph-
thalen]-4-ylamine[I(a)] and 1,4-dibromobutane,

2. 3',4'-dihydrospiro[cyclohexane-1,1'(2’"H)-naph-
thalen]-4- ylamine[l(a)] and 1,6-diiodohexane,

3. 5’-bromospiro[ cyclohexane-1,1’(2’"H)-naph-
thalen]-4-ylamine[I(a)] and 1,5-diiodopentane,

4. 6'-ethylspiro[ cyclohexane-1,1’(2"H)-naphthalen]-
4-ylamine[[(a)] and 1,4-diiodobutane,

5. 7'-propoxyspiro| cyclohexane-1,1'(2'H)-naph-
thalen]-4-ylamine[I(a)] and 1,6-diiodohexane, and the
like,
yields, respectively,

1. 1-[3',4’'-dihydrospiro(cyclohexane-1,1'(2'H)-
naphthalen)-4-yl]pyrrolidine[I(a)],

2. 1-[3',4'-dihydrospiro(cyclohexane-1,1'(2'H)-
naphthalen)-4-yl Jhexamethyleneimine[I(a)],

3. 1-[5'-bromospiro(cyclohexane-1,1'(2'H)-naph-
thalen )-4-yl]piperidine[I(a)],

4. 1-[6'-ethylspiro(cyclohexane-1,1'(2'H)-naph-
thalen)-4-yl]pyrrolidine[I(a)],

5. 1-[7'-propoxyspiro(cyclohexane-1,1'(2'H)-naph-
thalen)-4-ylThexamethyleneimine[I(a)], and the like.
Example 22A 4'-Fluoro-4{3',4 -dihydrospiro[cy-

clohexane-1,1'(2'H)-naphthalen]-4-ylamino]-

butyrophenone hydrochloride[I(a)]

A mixture of the free base prepared from 1 g.
(0.00397 M) of 3',4'-dihydrospiro[cyclohexane-1,1'(-
2’H)-naphthalen]-4-ylamine hydrochloride[I(a)] (ob-
tained as in Example 20A), 0.81 g. of potassium iodide,
1.24 g. of potassium carbonate and 1.4 g. of the 2,2-
dimethyl-1,3-propanediol  ketal of 4-chloro-4'-
fluorobutyrophenone in 20 ml. of dimethylformamide
is heated together in an oil bath at about 90° C. for
about 20 hours. The solvent is removed under vacuum
and the residue dissolved in water and benzene. The
organic layer is washed with water and brine and evap-
orated to dryness. A mixture of the residue, 8 ml. of 2.5
N hydrochloric acid and 16 ml. of methanol is stirred at
room temperature for about 2 hours and most of the
methanol removed under vacuum. The residual sus-
pended solid is collected on a filter, washed with ether
and recrystallized from methanol:ethyl acetate to give
0.65 g. (39.5% yield) of 4'-fluoro-4-[3’,4'-dihydros-
piro[cyclohexane-1,1’'(2'H)-naphthalen]-4-ylamino]-
butyrophenone hydrochloride[I(a)], having a melting
point of 194° to 197° C.

Anal. Calcd. for C,;3H;,CIFNO: C, 72.18; H, 7.51; N,
3.37 . Found: C, 72.42; H 7.66;

Following the procedure of Example 22A but substi-
tuting another 3',4'-dihydrospiro[cyclohexane-1,1'(-
2'H)-naphthalen]-4-ylamine hydrichloride [I(a)] as
starting material, such as

1. 5’-chlorospiro[cyclohexane-1,1'(2'H)-naphthal-
en-]4-ylamine hydrochloride[I(a)], 2. 6’-ethoxyspiro[ -
cyclohexane-1,1'(2°H)-naphthalen]-4-ylamine hydri-
chloride[I(a)],

3. 7’'-acetylamidospiro[ cyclohexane-naphthalen]-4-
ylamine hydrochloride[I(a)], and the like,
yields, respectively,

. 4'-fluoro-4-[ 5'-chlorospiro[cyclohexane-1,1'(-
2'H)-naphthalen]-4-ylamino-butyrophenone  hydro-
chloride{l{a)],
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2. 4’'-fluoro-4-[6'-ethoxyspiro[cyclohexane-1,1'(-
2'H)-naphthalen]-4-ylamino]butyrophenone  hydro-
chloride{l1(a)],

3. 4'-fluoro-4-[ 7' -acetylamidospiro[ cyclohexane-
1,1'(2' H) naphthalen]-4-ylamino]-butyrophenone hy-
drochlorlde [I(a)], and the like.

Following the procedure of Example 22A but substi-
tuting another 3',4'-dihydrospiro[cyclohexane-1,1'(-
2'H)-naphthalen}-4-ylamine[I(a)] as starting material
and the 2,2-dimethyl-1,3-propanediol ketal of another
m-haloalkanaryl ketone, such as

I. 5'-chlorospiro[ cyclohexane-1,1'(2"H)-naph-
thalen}-4-ylamine hydrochloride[I(a)] and the 2,2-
dimethyl-1,3propanediol  ketal of 4'-bromo-4-
chlorobutyrophenone,

2. 6'-methylspiro[cyclohexane-1,1'(2"H)-naph-
thalen]4-ylamine hydrochloride [I(a)] and the 2,2-
dimethyl-1,3propanediol ketal of 4-chloro-4’-ethox-
ybutyrophenone,

3. 7'-nitrospiro[ cyclohexane-1,1'(2'H)-naphthalen]-
4-ylamine hydrochloride[I(a)] and the 2,2-dimethyl-
1,3-propanediol ketal of 3’,4-dichlorobutyrophenone,

4. 6'-propionylamidospiro[cyclohexane-1,1'(2'H)-
naphthalen]-4-ylamine hydrochloride[I(a)] and the
2,2-dimethyl-1,3-propanediol ketal of 5-chloro-4'-
ethylvalerophenone, and the like,
yields, respectively,

1.  4’-bromo-4-[5'-chlorospiro[cyclohexane-1,1"(-
2'H)-naphthalen)-4-ylamino}butyrophenone  hydro-
chloride {I(a}],

2. 4’'-ethoxy-4-[6'-methylspiro[ cyclohexane-1,1"(-
2'H)-naphthalen]-4-ylaminolbutyrophenone  hydro-
chloride[I(a)],

3. 3'-chloro-4-[ 7’ -nitrospiro[ cyclohexane-1,1'(2"H)-
naphthalen }-4-ylamino]butyrophenone hydrochloride
(I(a)],

4. 4'-ethyl-5-[ 6'-propionylamido[ cyclohexane-1,1'(-
2'H)-naphthalen]-4-ylamino]valerophenone[l  (a)],
and the like.

Example 23A Ethyl 3',4'-dihydrospiro[cyclohexane-
1,1'(2'H)-naphthalene]-4-carbamate[1(a)]

To an ice cooled solution of the free base prepared
from 1.53 g. (0.0061 M) of 3’,4'-dihydrospiro[cy-
clohexane-1,1'(2'H)-naphthalenj-4-ylamine  hydro-
chloride [I(a)](obtained as in Example 20A) in 12 ml.
of pyridine, 0.95 ml. of ethyl chloroformate is added.
The mixture is allowed to stand in the cold for about 5
hours and then poured in ice water. The solid that
precipitates is collected on a filter and recrystallized
from methylene chloride:benzene to give 1.36 g.
(77.7% yield) of ethyl 3'4’-dihydrospiro[cyclohexane-
1,1'(2'H)-naphthalen]-4-carbamate[I(a)], melting at
163.5° to 165° C.

Anal. Caled. for CgH,;NO,: C, 75.22; H, 8.77; N,
4.87 Found: C, 74.91; H, 8.77; N, 4.83.

Following the procedure of Example 23 A but substi-
tuting another 3',4’-dihydrospiro[cyclohexane-1,1'(-
2'H(-naphthalen}-4-ylamine[I(a)] as starting material
and another lower alkyl haloformate, such as

I. 5'-bromospiro[cyclohexane-1,1'(2’H)-naph-
thalen]-4-ylamine{l{(a)] and methyl chloroformate, 2.
6’-ethoxyspiro[cyclohexane-1,1'(2'H)-naphthalen}-4-
ylamine[l(a)] and propyl bromoformate, and the like,
yields, respectively,

1. methyl 5’-bromospiro[cyclohexane-1,1'(2'H)-
naphthalene]-4-carbamate(i(a)],

2. propyl 6'-ethoxyspiro[cyclohexane-1,1'(2'H)-
naphthalene]-4-carbamate[1(a)], and the like.
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Example 24A 3',4’-Dihydrospiro[cyclohexane-1,1'(-
2'H)- naphthalen] 4-yl-N-methylamine  hydrochlo-
ride [I(a)]

To a suspension of 0.22 g. (0.0058 M) of lithium
aluminum hydride in 10 ml. of tetrahydrofuran, a tetra-
hydrofuran solution of 1.3 g. (0.0045 M) of ethyl 3',4'-
dihydrospiro(cyclohexane-1,1'(2'H)-naphthalene ]-4-
carbamate[I(a)] (prepared as in Example 23A) is
added. The mixture is stirred to reflux for about 6
hours, at room temprature for about 18 hours, and then
cooled in an ice bath. To this is added successively,
0.22 ml. of water, 0.22 ml. 15% aqueous sodium hy-
droxide solution and 0.66 ml. of water. The resulting
inorganic gel is collected on a filter, rinsed with ether
and the filtrates evaporated to dryness. The residue is
dissolved in a small amount of ether and treated with an
excess of 6.4 N hydrochloric acid in ether. The result-
ing precipitate is collected on a filter and recrystallized
from methanol:ethyl acetate to give 0.81 g. (52.7%
vield) of 3',4'-dihydrospiro[cyclohexane-1,1'(2'H)-
naphthalen}-4-yl-N-methylamine hydrochloride[I(a)],
having a melting point of 285° to 286° C.

Anal. Caled, for CgHpCIN: C, 72.29; H, 9.10; N,
5.25 Found : C, 72.60; H, 9.16; N, 5.35.

Following the procedure of Example 24A but substi-
tuting another lower alkyl 3',4'-dihydrospiro[ cyclohex-
ane-1,1'(2'H)-naphthalene]-4-carbamate{I(a)] as
starting material, such as

1. ethyl 5'-fluorospiro{ cyclohexane-1,1'(2'H)-naph-
thalene ]-4-carbamate[l(a)],

2. propyl 6'-propylspiro[cyclohexane-1,1'(2'H)-
naphthalene ]-4-carbamate[I(a)], and the like, yields,
respectively,

1. 5'-fluorospiro[ cyclohexane-1,1'(2'H)-naph-
‘thalen]-4-yl-N-methylamine hydrochlonde[l(a)],

2. 6'propylspiro{ cyclohexane-1,1'(2’H)-naph-
thalen]-4-yl-N-methylamine hydrochloride[I(a)], and
the like.

Example 25A  4'-Fluoro-4-[3’,4’-dihydrospiro[cy-
clohexane-1,1'(2'H)-naphthalen]-4-yl-N-
methylamino]-butyrophenone hydrochloride [I(a)]
A mixture of the free base prepared from 0.81 g.

(0.00306 M) of 3’,4’-dihydrospiro[ cyclohexane-1,1'(-

2'H)-naphthalen-4-yl-N-methylamine hydro-

chloride[I(a)] (obtained as in Example 24A), 0.63 g.

of potassium iodide, 0.96 g. of potassium carbonate

and 0.87 g. of the 2,2-dimethyl-1,3-propanediol ketal

of 4-chloro-4’-fluorobutyrophenone in 15 ml. of di-

methylformamide is heated together in an oil bath at

about 90° C. for about 20 hours. The solvent is re-
moved under vacuum and the residue dissolved in
water and benzene. The organic layer is washed with
water and brine and evaporated to dryness. A mixture

of the residue, 6 ml. of 2.5 N hydrochloric acid and 12

ml. of methanol is stirred at room temperature for

about 1.5 hours and most of the methanol removed

under vacuum. The residual suspended solid is col-
lected on a filter, washed with ether and recrystallized

from methanol:ethyl acetate to give 0.59 g. (44.8%

yield) of 4'-fluoro-4-[3’,4'-dihydrospiro[ cyclohexane-

1,1'(2'H)-naphthalen}-4-yl-N-methylamino]-
butyrophenone hydrochloride[I(a)], having a melting

point of 204° to 205.5° C.

Anal. Caled. for C;gH3;CIFNO: C, 72.62; H, 7.74; N,
3.26 Found: C, 72.69; H, 7.93; N, 3.03.

Following the procedure of Example 25A but substi-
tuting another 3’,4’-dihydrospiro{cyclohexane-1,1'(-
2'H)-naphthalen]-4-yl-N-lower alkylamine[I{a)] as
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starting material and the 2,2-dimethyl-1,3-propanedio.
ketal of another w-haloalkyanaryl ketone, such as

1. 5'-chlorospiro[ cyclohexane-1,1'(2'H)-naph-
thalen]}-4-yl-N-methylamine[I(a)] and the 2,2-dimeth.
yl-1,3-propanediol of 4'-butoxy-4-chlorobutyrophe-
none,

2. 6’-ethoxyspiro[ cyclohexane-1,1°(2"H)-naph-
thalen]-4-yl-N-ethylamine[l(a)] and the 2,2-dimethyl-
1,3-propanediol ketal of 4-chloro-2’-methylbutyrophe-
none,

3. 7'-nitrospiro[cyclohexane-1,1'(2"H)-naphthalen]-
4-yl-N-methylamine{l(a)] and the 2,2-dimethyl-1,3-
propanediol ketal of 3-bromo-3'-chloropropiophe-
none,

4. 8'-acetylamidospiro[cyclohexane-1,1'(2'H)-naph-
thalen}-4-yl-N-ethylamine[l(a)] and the 2,2-dimethyl-
1,3-propanediol ketal of 5-fluoro-4’-propylvalerophe-
none, and the like,
yields, respectively,

1.  4'-butoxy-4-[5'-chlorospiro[cyclohexane-1,1'(-
2'H)-naphthalen]-4-yl-N-methylamino Jbutyrophe-
none hydrochloride [1(a)],

2. 2'-methyl-4-[6'-ethoxyspiro[ cyclohexane-1,1'(-
2'H)- H)-naphthalen]-4-yl-N-ethylamino]butyrophe-
none hydrochloride [I(a)],

3. 3'-chloro-3-{ 7'-nitrospiro[ cyclohexane-1,1'(2'H)-
naphthalen}-4-yl-N-methylamino]propiophenone hy-
drochloride [I(a)],

4.  4'-propyl-5-[8'-acetylamidospirof cyclohexane-
1,1’(2'H)-naphthalen ]-4-yl-N-ethylamino]valerophe-
none hydrochloride [I(a)], and the like.

Example 1B Methyl-4-hydroxycyclohexane carbox-
ylate[2]

A solution of 200 g. of methyl-p-hydroxyben-
zoate[ 1 [(prepared as in Ann. 141, 247) in 1700 ml. of
absolute ethanol has 66 g. of 5% rhodium/aluminum
catalyst added thereto and then hydrogenated until no
further uptake of hydrogen is observed. The catalyst is
collected on a filter and the filtrate evaporated to dry-
ness to yield 216 g. of crude methyl-4-hydroxycy-
clohexane carboxylate(2), as an oil.

Example 2B 4-Carbomethoxy-1-cyclohexanone(3}]

The methyl-4-hydroxycyclohexane carboxylate pre-
pared in Example 1B is dissolved in acetone with me-
chanical stirring and cooled in an ice bath to about 5°
C. Jones reagent is added at a rate to keep the reaction
temperature below about 20° C. for about 10 minutes.
Most of the solvent is removed on a rotary evaporator
and the residue taken up in 500 ml. of ether and 150
mi. of water. The organic layer is separated, washed
successively with water, saturated aqueous sodium
bicarbonate solution, and brine and evaporated to dry-
ness to yield an oil, which on distillation under vacuum
gives 47.4 g. of 4-carbomethoxy-1-cyclohexanone[3]
having a boiling point of 82° to 85° C. at 0.55 to 0.75
mm. of Hg.

Example 3B 4-Carbomethoxy-1-cyclohexanone ethyl-
ene ketal(4]

A mixture of 189.7 g. of 4-carbomethoxy-1-
cyclohexanone[3] (obtained as in Example 2B) in
2000 ml. of benzene, 67.5 ml. of ethylene glycol and
2.7 g. of p-toluenesulfonic acid is heated at reflux
under a Dean-Stark trap for about 5 hours. After cool-
ing, the solution is washed with saturated aqueous so-
dium bicarbonate and brine. The oily residue remain-
ing when the organic solvent is evaporated to dryness is
distilled under vacuum to give 231.8 g. of 4-carbome-
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thoxy-1-cyclohexanone ethylene ketal[4] having a
boiling point of 95° to 100° C. at 0.30 mm. of Hg.
Example 4B 4.Benzyl-4-carbomethoxy-1cyclohexa-
none ethylene ketal[5]

To a solution of 5 g. (0.05 M) of diisopropyl amine in
50 ml. of tetrahydrofuran cooled in ice:methanol, 32
ml. of 1.57 N butyl lithium in pentane is added over the
course of about 5 minutes. There is then added, first,
10 g. (0.05 M) of 4-carbomethoxy-1-cyclohexanone
ethylene ketal [4] (obtained as in Example 3B) in 50
ml. Of tetrahydrufuran in the course of about 15 min-
utes, and then 8.5 g. (0.05 M) of a-bromotoluene (also
named benzyl bromide) in 15 ml. of tetrahydrofuran in
about 5 minutes. The clear solution is stirred at room
temperature for about 1 hour, cooled in ice and treated
with 50 ml. of saturated ammonium chloride solution.
The organic layer is separated, diluted with benzene
and washed successively with water, ice cold N hydro-
chloric acid solution, sodium bicarbonate solution and
brine. The organic layer is evaporated to dryness and
the oil that remains is distilled under vacuum to give
13.57 g. (93.5% of theoretical yield) of 4-benzyl-4-car-
bomethoxy-1-cyclohexanone ethylene ketal[5] as a
viscous oil having a boiling point of 155° to 156° C. at
0.25 mm. of Hg.

Anal. Calcd. for C,;H,,0,: C, 70.32; H, 7.64 Found:
C, 69.94; H, 7.60.

Example 5B 4-(p-Methylbenzyl)-4-carbomethoxy-1-
cyclohexanone ethylene ketal[5]

To a solution of 11.7 g. (0.112 M) of diisopropyl-
amine in 115 ml. of tetrahydrofuran cooled in ice:me-
thanol, 75 ml. of 1.67 N butyl lithium in pentane is
added over the course of about 12 minutes. There is
then added, first, 23.1 g. (0.112 M) of 4-carbome-
thoxy-1-cyclohexanone ethylene ketal[5] (obtained as
in Example 3B) in 115 ml. of tetrahydrofuran in the
course of about 15 minutes, and then 14 g. (0.112 M)
of a-chloro-p-xylene in 115 ml. of tetrahydrofuran. The
mixture is stirred in the cold for about 1 hour and at
room temperature for about 2 hours, and then 100 ml.
of saturated aqueous ammonium chloride solution and
benzene added. The organic layer is separated, washed
successively with water, 2.5 N hydrochloric acid solu-
tion, water and brine, and then evaporated to dryness.
The residue is distilled under vacuum to give 21.47 g.
(64% yield) of 4-(p-methylbenzyl)-4-carbomethoxy-1-
cyclohexanone ethylene ketal[5] as a viscous oil having
a boiling point of 166° to 168.5° C. at 0.3 mm. of Hg.

Anal. Calcd. for C;jH,,0,: C, 71.02; H, 7.95; M.W.
304 Found: C, 71.23; H, 8.03; m/e 304.

Example 6B 4-(m-Methylbenzyl)-4-carbomethoxy-1-
cyclohexanone ethylene ketal[5]

To a solution of 10.1 g. (0.101 M) of diisopropyl-
amine in 100 ml. of tetrahydrofuran cooled in ice:me-
thanol, 62 ml. of 1.61 N butyl lithium in pentane is
added. There is then added, first 20 g. (0.10 M) of
4-carbomethoxy-1-cyclohexanone ethylene ketal[4]
(obtained as in Example 3B) in 100 ml. of tetrahydro-
furan in the course of about 12 minutes, and then 18.5
g. of a-bromo-m-xylene in 100 ml. of tetrahydrofuran
in about 12 minutes. The mixture is stirred in the cold
for about 1 hour and at room temperature for about 1
hour, and then 100 ml. of saturated ammonium chlor-
ide solution and benzene added. The organic layer is
separated, washed successively with water, 2.5 N hy-
drochloric acid solution, water, sodium bicarbonate
solution and brine, and then evaporated to dryness.
The residue is distilled under vacuum to give 21.32 g.
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(70% yield) of 4-(m-methylbenzyl)-4-carbomethoxy-1-
cyclohexanone ethylene ketal[ 5] as a viscous oil having
a boiling point of 160° to 163° C. at 0.4 mm. of Hg.

Anal. Calcd. for C,gH,,0,: C, 71.02; H, 7.95; M.W.
304 Found: C, 71.05; H, 8.12; m/e 304
Example 7B 4-(m-Methoxybenzyl)-4-carbomethoxy-1-

cyclohexanone ethylene ketal[5}

To an ice cooled solution of 10.25 g. (0.102 M) of
diisopropylamine in 100 ml. of tetrahydrofuran, 66 ml.
of 1.67 N butyl lithium in pentane is added. There is
then added, first, 19.6 g. (0.0995 M) of 4-carbome-
thoxy-1-cyclohexane ethylene ketal[4] (obtained as in
Example 3B) in 100 ml. of tetrahydrofuran in the
course of about 10 minutes, and then 15.3 g. of m-
methoxybenzyl chloride in 100 ml. of tetrahydrofuran
in about 17 minutes. The mixture is stirred at room
temperature for about 2 hours and treated with 100
ml. of saturated ammonium chloride solution and ben-
zene. The organic layer is washed successively with
water, 2.5 N hydrochloric acid, water and brine, and
then evaporated to dryness. The residue is distilled
under vacuum to give 22.32 g. (70% yield) of 4-(m-
methoxybenzyl)-4-carbomethoxy-1-cyclohexanone
ethylene ketal[5] having a boiling point of 159° to 165°
C. at 0.2 mm of Hg.

Anal. Calcd. for C,;jH,,0,: C, 67.48; H, 7.55 Found:
C, 67.71; H, 7.81.

Following the procedures of Examples 4B through
7B but substituting other halides, such as

1. p-acetylamidobenzyl bromide,

2. m-chlorobenzyl bromide,

3. p-propylbenzyl bromide, and the like,
yields, respectively,

1. 4-(p-acetylamidobenzyl)-4-carbomethoxy-1-
cyclohexanone ethylene ketal[5],

2. 4-(m-chlorobenzyl }-4-carbomethoxy-1-cyclohexa-
none ethylene ketal[5],

3. 4-(p-propylbenzyl)-4-carbomethoxy-1-cyclohexa-
none ethylene ketal[5], and the like.

Example 8B 1-Benzyl-4-cyclohexanone-1-carboxylic
acid[7]

1. A mixture of 16.64 g. (0.057 M) of 4-benzyl-4-car-
bomethoxy- | -cyclohexane ethylene ketal[5] (prepared
as in Example 4B) and 2.5 g. of potassium hydroxide in
100 ml. ethylene glycol is stirred at reflux for about 16
hours. The mixture is then allowed to cool and diluted
with water. The solution is washed once with water and
then made strongly acid with concentrated hydrochlo-
ric acid. The precipitated gum is extracted with ether
and this solution washed first with water, then brine,
and evaporated to dryness to give 4-benzyl-4-carboxy-
l-cyclohexanone ethylene ketal[6].

2. A solution of the residue [6] and 13 ml. of 2.5 N
hydrochloric acid in 130 ml. of acetone is stirred at
room temperature for about 20 hours most of the sol-
vent removed under vacuum and the residue dissolved
in ether. The organic layer is washed with water and
brine and evaporated to dryness. The residual gum is
chromatographed on a column of 800 mi. of acid
washed silica gel with elution by 4% acetic acid in
methylene chloride. The crystalline fractions are com-
bined and recrystallized twice from methylene chlori-
de:cyclohexane to give 5.62 g. (42% yield) of 1-benzyl-
4-cyclohexanone-1-carboxylic acid[7] having a meit-
ing point of 120° to 123° C.

Anal. Caled. for C, H,s0,: C, 72.39; H, 6.94 Found:
C, 72.24; H, 6.86
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Example 9B 1-(p-Methylbenzyl)-4-cyclohexanone-1-
carboxylic acid[7]

1. A mixture of 21.47 g. (0.0706 M) of 4-(p-methyl-
benzyl )-4-carbomethoxy-1-cyclohexanone  ethylene
ketal[5] (prepared in Example 5B} and 2.5 g. of potas-
sium hydroxide in 100 ml. of ethylene glycol is stirred
at reflux for about 16 hours The mixture is then al-
lowed to cool and diluted with water. The solution is
washed once with water and then made strongly acidic
with concentrated hydrochloric acid. The precipitated
gum is extracted with ether and this solution washed
with brine and evaporated to dryness to give 4-(p-
methylbenzyl)-4-carboxy-1-cyclohexanone ethylene
ketal[6].

2. A solution of the residue[6] and 25 ml. of 2.5 N
hydrochloric acid in 200 ml. of acetone is stirred at
room temperature for about 24 hours, most of the
solvent removed under vacuum and the residue dis-
solved in ether. The organic layer is washed with brine
and evaporated to dryness. The residue is chromato-
graphed on a column of 1500 ml. of silica gel with
elution by 3% acetic acid in methylene chloride. The
crystalline fractions are combined to give 6.8 g. (39%
yield) of 1-(p-methoxybenzyl)-4-cyclohexanone-1-car-
boxylic acid{7] as a waxy solid. A small sample is re-
crystallized from ether:petroleum ether to give crys-
tals[7] having a melting point of 120° to 123° C.

Anal. Calcd. for C,gH,,05: C, 73.14; H, 7.37 Found:
C, 73.20; H, 7.60
Example 10B 1-(m-Methylbenzyl)-4-cyclohexanone-1-

carboxylic acid[7]

1. 1A solution of 21.31 g. (0.0701 M) of 4-(m-
methylbenzyl)-4-carbomethoxy-1-cyclohexanone eth-
ylene ketal[5] (prepared in Example 6B) and 3.4 g. of
potassium hydroxide in 140 ml. of ethylene glycol is
heated at reflux for about 20 hours. The mixture is then
allowed to cool, diluted with water and extracted with
ether. The aqueous layer is then made strongly acidic
and the precipitated gum extracted with ether. This
extract is washed with water and brine and evaporated
to dryness to yield 4-(m-methylbenzyl)-4-carboxy-1-
cyclohexanone ethylene ketal[6].

2. A solution of the residue[6] and 25 ml. of 2.5 N
hydrochloric acid in 200 ml. of acetone is stirred at
room temperature for about 16 hours, the solvent re-
moved under vacuum and the residue extracted with
ether. The extract is washed with water and brine and
evaporated to dryness. The residue is chromatographed
on 2000 ml. of acid washed silica gel with elution by 4%
acetic acid in methylene chloride. The fractions found
similar by thin layer chromatography are combined to
give 14.8 g. (56% yield) of 1-(m-methylbenzyl)-4-
cyclohexanone-1-carboxylic acid[7] as a waxy solid.
Example 11B 1-(m-Methoxybenzyl)-4-cyclohexanone-

1-carboxylic acid[7]

1. A mixture of 24.3 g. (0.076 M) of 4-(m-methox-
ybenzyl)-4-carbomethoxy-1-cyclohexanone ethylene
ketal[5] (prepared as in Example 7B) and 4.35 g. of
sodium hydroxide in 155 ml. of ethylene glycol is
heated at reflux for about 42 hours. The mixture is then
diluted with water and washed with ether. The organic
layer is made acidic with hydrochloric acid the precipi-
tated gum dissolved in ether. The ether solution is
washed with brine and evaporated to dryness to give
4-(m-methoxybenzyl)-4-carboxy-1-cyclohexanone eth-
ylene ketal[6].

2. A solution of the residue and 27 ml. of 2.5 N hy-
drochloric acid in 220 ml. of acetone is allowed to
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stand at room temperature for about 18 hours, then
most of the solvent removed under vacuum and the
residue dissolved in ether. The organic layer is washed
with brine and evaporated to dryness. The residue is
chromatographed on a column of acid washed silica gel
with elution first by 0.5% acetic acid:methylene chlor-
ide then 2% acetic acid:methylene chloride. Those
fractions found similar by thin layer chromatography
are combined, the solvent evaporated and the resulting
solid recrystallized twice from ether:Skellysolve B to
give 7.18 g. (36% of theoretical yield) of 1-(m-methox-
ybenzyl)-4-cyclohexanone-1-carboxylic acid[ 7] having
a melting point of 109° to 112.5° C. An additional 3.82
g. (19% yield) of product [ 7] melting at 109°to 111°C.
is obtained from the mother liquor.

Anal. Calcd. for C;;H,30,: C, 68.68; H, 6.92 Found :
C, 68.30; H, 6.92.

Following the procedures of Example 8B through
11B but substituting other 4-benzyl-4-carbomethoxy-1-
cyclohexanone ethylene ketals{5] as starting materials,
such as

1. 4-(o-methylbenzyl )-4-carbomethoxy-1-cyclohexa-
none ethylene ketal[5],
yields,

1. 1-(o-methylbenzyl )-4-cyclohexanone- | -carboxylic
acid[7].
Example

dione[ 8]

To 100 ml. of freshly distilled hydrogen fluoride,
(14.63 M) of 1-benzyl-4-cyclohexanone-1-carboxylic
acid[7] (prepared as in Example 8B) is added. The
solution is allowed to stand at room temperature for
about 18 hours and then poured cautiously into satu-
rated aqueous sodium bicarbonate solution. The pre-
cipitated gum is extracted with benzene. The organic
layer is washed successively with water, aqueous so-
dium bicarbonate solution and brine, and then evapo-
rated to dryness. The residue is chromatographed on a
column of 1500 ml. of silica gel with elution by 20%
acetone is Skellysolve B, There is first obtained a small
amount of by-product followed by 10.5 g. (78%) of
spiro(cyclohexane-1,2’-indan)-1',4-dione[ 8], having a
melting point of 70.5° to 72° C.

Anal. Calcd. for C,,H,,0,: C, 78.48; H, 6.59 Found:
C, 78.43; H, 6.59.

The less polar by-product is recrystallized from pe-
troleum ether to give 0.28 g. of a compound, which in
view of its mass sprectrum and elemental analysis is
spiro(cyclohexane-1,2'-indan)-4,4-difluoro-1'-one.
Example 13B  5’-Methylspiro(cyclohexane-1,2"-

indan)-1’,4-dione[ 8]

To 50 ml. of freshly distilled hydrogen fluoride, 6.8 g.
(0.026 M) of 1-(p-methylbenzyl)-4-cyclohexanone-1-
carboxylic acid[7] (prepared in Example 9B) is added.
The solvent is allowed to evaporate over a period of
about 3 days. The residue is dissolved in ether and this
solution washed successively with water, aqueous so-
dium bicarbonate solution and brine. The solution is
evaporated to dryness and the gum that remains is
chromatographed on a column of 700 ml. of silica gel
with elution by 20% acetone: Skellysolve B. The frac-
tions found similar by thin layer chromatography are
combined and rechromatographed on a column of 400
ml. of silica gel with elution by 20% acetone: Skel-
lysolve B. The crystalline fractions are combined and
recrystailized from acetone: Skellysolve B to give 2.06
g (35% yield) of 5'-methylspiro(cyclohexane-1,2'-

12B  Spiro(cyclohexane-1,2'-indan)-1',4-
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indan)-1',4-dione[8] having a melting point of 110° to
113°C

Anal. Calcd. for CsHy60,: C, 78.92; H, 7.06, M.W.
228. Found: C, 78.92; H, 7.13; m/e 228.

Example 14B  6'-Methylspiro(cyclohexane-1,2'-
indan)-1’,4-dione[8]

Onto 14.8 g. (0.060 M) of 1-(m-methylbenzyl)-4-
cyclohexanone-1-carboxylic acid[7] (prepared in Ex-
ample 10B), 100 ml. of hydrogen fluoride is distilled.
Following about 2 days of standing at room tempera-
ture the solution is poured into saturated aqueous so-
dium bicarbonate solution. The precipitate is dissolved
in ether and the organic washed successively with wa-
ter, saturated aqueous sodium bicarbonate solution and
brine and evapoarated to dryness. The residue is chro-
matographed on a column of 1200 ml. of Florisil with
elution by 10% acetone: Skellysolve B. The crystalline
fractions are combined and recrystallized from ace-
tone: Skellysolve B to give 7.3 g. (53% yield) of 6'-
methylspiro{ cyclohexane-1,2'-indan)-1’,4-dione[ 8]
having a melting point of 121° to 122.5° C.

Anal. Calcd. for C;;H,40,: C, 78.92; H, 7.01. Found:
C, 78.79; H, 7.22.

Example 15B 5’'-Methoxyspiro(cyclohexane-1,2'

-indan) 1'.4-dione [8]

A suspension of 15.63 g. (0.060 M) of 1-(m-methox-
ybenzyl)-4-cyclohexanone-1-carboxylic acid [7] (pre-
pared as in Example 11B) and 12.5 g. pf phosphorus
pentachloride in 190 ml. of monochlorobenzene is
stirred mechanically under reflux for about 1.5 hours
and at room temperature for about 1.5 hours. The
mixture is then cooled in ice and reated with 6.85 ml. of
stannic chloride. After about 0.5 hours of stirring in the
cold and about 18 hours at room temperature, 96 ml. of
2.5 N hydrochloric aicd is added in the course of about
ten minutes. After about an additional hour of stirring,
the organic layer is separated, washed successively with
water, aqueous sodium bicarbonate solution and brine
and evaporated to dryness. The residue is chromato-
graphed on a column of 1200 ml. of silica gel with
elution by 10% ethyl acetate in methylene chloride.
The crystalline fractions are combined to give 7.51 g.
(51% vyield) of 5'-methoxyspiro(cyclohexane-1,2'-
indan)-1',4-dione[ 8] having a melting point of 105° to
107° C., and an analytic sample melting at 110° to 112°
C.

Anal. Calcd. for C,;sH,0;: C, 73.75; H, 6.60; M.W.
244. Found: C, 73.75; H, 6.65; m/e 244.

Following the procedures of Examples 12B through
15B but substituting other 1-benzyl-4-cyclohexanone-
1-carboxylic acids[7] as starting materials, such as

1-(p-ethylbenzyl)-4-cyclohexanone-1-carboxylic
acid{7], and the like, yields,

5'-ethylspiro(cyclohexane-1,2'-indan)-1',4-
dione[8], and the like.
Example 16B Spiro(cyclohexane-1,2'-indan)-1",4-
dione 4-ethylene ketal{9]

A mixture of 1.77 g. (0.0083 M) of spiro(cyclohex-
ane-1,2'-indan)-1',4-dione[8] (prepared as in Example
12B) 0.51 g. (0.46 ml; 0.0082 M) of ethylene glycol
and 0.1 g. of p-toluenesulfonic acid in 50 ml. of ben-
zene is heated at reflux under a Dean-Stark trap for
about 4 hours. The mixture is allowed to cool, washed
successively with aqueous sodium bicarbonate solu-
tion, water and brine and evaporated to dryness. The
residual solid is recrystallized from cyclohexane to give
1.67 g. (75% yield) of spiro(cyclohexane-1,2'-indan)-
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1’,4-dione 4-ethylene ketal[9], having a melting point
of 158° to 160.5° C; vpgy, 169072

Anal. Caled. for C,4H,0s: C, 74.39; H, 7.02; M.W.
258. Found: C, 73.99; H, 6.98; m/e 258.

Example 17B  5'-Methylspiro(cyclohexane-1,2'-
indan)-1',4-dione 4-ethylene ketal[9]

A mixture of 2.06 g. (0.00905 M) of 5’'-methylspiro(-
cyclohexane-1,2’-indan)-1',4-dione[8] (prepared in
Example 13B), 0.56 g. (0.50 ml.) of ethylene glycol
and 0.1 g. of p-toluenesulfonic acid in 50 ml. of ben-
zene is heated at reflux under a Dean-Stark trap for
about 2 hours. The mixture is allowed to cool, washed
with aqueous sodium bicarbonate solution then water
and evaporated to dryness. The residual solid is recrys-
tallized from methylene chloride: cyclohexane to give
1.96 g. (86%) of 5'-methylspiro(cyclohexane-1,2'-
indan)-1’,4-dione 4-ethylene ketal[9], melting at 124°
to 127° C.

Anal. Calcd. for C,;H,0a: C, 74.97; H, 7.40. Found:
C,7497; H, 7.51.

Example 18B  6'-Methylspiro(cyclohexane-1,2"-
indan)-1',4-dione 4-ethylene ketal[9]

A mixture of 7.3 g. (0.032 M) of 6’-methylispiro(cy-
clohexane-1,2'-indan)-1’,4-dione[8] (prepared in Ex-
ample 14B), 2.15 g. (1.95 ml.) of ethylene glycol and
0.5 g. of p-toluenesulfonic acid in 200 ml. of benzene is
heated at reflux under a Dean-Stark trap for about 5
hours. The mixture is allowed to cool, washed succes-
sively with aqueous sodium bicarbonate solution, water
and brine and evaporated to dryness. The residual solid
is recrystallized from methylene chloride: Skellysolve B
to give 7.94 g. (91% yield) of 6'-methylspiro(cyclohex-
ane-1,2'-indan)-1',4-dione 4-ethylene ketal[9] melting
at 116° to 118° C.

Anal. Calcd. for C;;H,,0,: C, 74.97; H, 7.40. Found:
C, 75.33; H, 7.65.

Example 19B  5'-Methoxyspiro(cyclohexane-1,2'-
indan)-1’,4-dione 4-ethylene ketal[9]

A mixture of 4.89 g. (0.0196 M) of 6’-methoxys-
piro{cyclohexane-1,2’'-indan)-1',4-dione[ 8] (prepared
as in Example 15B), 1.21 g. of ethylene glycol and 0.2
g. of p-toluenesulfonic acid in 100 ml. of benzene is
heated at reflux under a Dean-Stark trap for about 5
hours. The mixture is allowed to cool, washed with
aqueous sodium bicarbonate solution and evaporated
to dryness. The residue is recrystallized twice from
methylene chlordé: Skellysolve B to give 4.13 g. (73%
yield) of 5'-methoxyspiro(cyclohexane-1,2’-indan)-
1’,4-dione 4-ethylene ketal[9] having a melting point
of 142° to 144° C.

Anal. Calcd. for C;;H;,0,: C, 70.81; H, 6.99. Found:
C, 71.06; H, 7.19.

Following the procedures of Examples 16B through
19B but substituting other spiro(cyclohexane-1,2’-
indan)-1',4-diones[8] as starting materials, such as

1. 7'-acetylamidospiro(cyclohexane-1,2-indan)-
1',4-dione{8],

2. 5’-ethoxyspiro(cyclohexane-1,2'-indan)-1",4-
dione{8], and the like,
yields, respectively,

1. 7'-acetylamidospiro(cyclohexane-1,2'-indan)-
1 4-d10ne 4-cthylene ketal{9],

2. 5'-ethoxyspiro(cyclohexane-1,2"-indan)-1',4-
dione 4-ethylene ketal[9], and the like.

Example 20B Spiro(cyclohexane-1,2'-indan)-4-one
ethylene ketal[10]

A mixture of 5 g. (0.0194 M) of spiro(cyclohexane-
1,2'-indan)-1’,4-dione 4-ethylene ketal[9] (prepared
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as in Example 16B), 2.6 ml. of hydrazine hydrate and
3.76 g. of potassium hydroxide in 50 ml. of ethylene
glycol is heated at reflux for about 1.5 hours. Material
is then removed by distillation to bring the pot temper-
ature to 200° C. After about 5 hours of additional heat-
ing at reflux, the mixture is allowed to cool and diluted
with water. The precipitated solid is collected on a
filter, dried and recrystallized from petroleum ether to
give 4 g. (85% yield) of spiro(cyclohexane-1,2'-indan)-
4-one ethylene ketal[ 10], having a melting point of 70°
to 74° C. ‘

Anal. Caled. for CgH,0,: C, 78.65; H, 8.25. Found:
C, 78.39; H, 8.19.

Example 21B  5'-Methylspiro(cyclohexane-1,2'-

indan)-4-one ethylene ketal{ 10]

A mixture of 7.3 g. (0.027 M) of S'-methyispiro(cy-
clohexane-1,2’-indan)-1',4-dione 4-ethylene ketal[9]
(prepared as in Example 17B), 3.8 ml. of hydrazine
hydrate and 5.52 g. of potassium hydroxide in 70 ml. of
ethylene glycol is heated at reflux for about 1 hour.
Material is then removed by distillation to bring the pot
temperature to 200° C. Following about 18 hours of
heating at reflux the mixture is allowed to cool and
poured into water and extracted with ether. The or-
ganic extract is washed with water and brine and evap-
orated to dryness, to give 5'-methylspiro(cyclohexane-
1,2’-indan)-4-one ethylene ketal[ 10].

Example  22B  6'-Methylspiro(cyclohexane-1,2’-
indan)-4-one ethylene ketal[10]

A mixture of 7.3 g. (0.027 M) of 6'-methylspiro(cy-
clohexane-1,2'-indan)-1',4-dione 4-ethylene ketal[9]
(prepared as in Example 18B), 3.8 ml. of hydrazine
hydrate and 5.52 g. of potassium hydroxide in 70 ml. of
ethylene glycol is heated at reflux for about 1 hour.
Material is then removed by distillation to bring the pot
temperature to 200° C. Following about 18 hours of
heating at reflux the mixture is allowed to cool and
poured into water. The precipitated oil is extracted
with ether. This organic extract is washed with water
and brine and evaporated to dryness, to give 7.01 g.
(about 99% yield) of 6'-methylspiro(cyclohexane-1,2’-
indan)-4-one ethylene ketal[ 10] having a melting point
of 37° to 41° C. This material, having a nuclear mag-
netic resonance (NMR) spectrum in agreement with
the expected structure, is not satisfactorily recrystal-
lized.

Example 23B 5'-Methoxyspiro(cyclohexane-1',2-
indan)-4-one ethylene ketal[10]

A mixture of 4.57 g. (0.0158 M) of 5'-methoxys-
piro{cyclohexane-1,2'-indan)-1',4-dione  4-ethylene
ketal[9] (prepared as in Example 19B), 2.45 g. of hy-
drazine hydrate and 3.15 g. of potassium hydroxide in
40 ml. of ethylene glycol is heated at reflux for about 1
hour. Solvent is removed by distillation to bring the
reaction mixture to 200° C. Following about 1.5 hours
at this temperature the mixture is poured into water
and well extracted with ether. The ether extracts are
combined and evaporated to dryness. The residue is
chromatographed on a 250 ml. column of silica gel with
elution by 10% acetone in Skellysolve B to give 2.07 g.
(48% yield) of 5'-methoxyspiro(cyclohexane-1',2-
indan)-4-one ethylene ketal[ 10] having a melting point
of 59° to 61° C. The analytical sample from an earlier
experiment melted at 65° to 66.5° C.

Anal. Calcd. for C,;H.,0,: C, 74.22; H, 8.08. Found:
C, 74.57; H, 8.24.

The aqueous portion (i.e., not extracted by ether),
above, is ‘“‘acidified” with solid carbon dioxide. The
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precipitated solid is collected on a filter and recrystal-
lized from methanol to give 0.51 g. of by-product, 5''-
hydroxydispiro[ 1,3-dioxolane-2,1’-cyclohexane-4',2"'-
indan]-1''-one hydrazone, having melting ranges of
243° to 246° C. and 285° to 290° C.

Anal. Calcd. for C,gHyN,O5: C, 66.69; H, 6.99; N,
9.71; M.W. 288. Found: C, 66.16; H, 7.14;, N, 9.96;
m/e 288.

Following the procedures of Example 20B through
23B but substituting other spiro(cyclohexane-1,2'-
indan)-1',4-dione 4-ethylene ketals[9] as starting ma-
terials, such as

- 5'-chlorospiro(cyclohexane-1,2"-indan)-1’,4-dione
4-ethylene ketal[9], and the like, yields,
5'-chlorospiro(cyclohexane-1,2'-indan)-4-one ethyl-
ene ketal[10], and the like.
Example 24B Spiro(cyclohexane-1,2'-indan)-4-one,

oxime[ 12}

1. A mixture of 4 g. (0.016 M) of spiro(cyclohexane-
1,2’-indan)-4-one ethylene ketal[ 10] (prepared in Ex-
ample 20B) and 8 ml. of 2.5 N hydrochloric acid in 80
ml. of acetone is heated at reflux for about 4 hours.
Most of the solvent is removed under vacuum and ether
added. The organic layer is separated, washed with
water and brine and evaporated to dryness. The residue
is chromatographed on a 350 ml. column of silica gel
with elution by methylene chloride. Those fractions
similar by thin layer chromatography are combined to
give spiro(cyclohexane-1,2'-indan)-4-one[11] as an
amorphous gum.

2. A mixture of the gum[11 ] obtained in (1), above,
3 g. of hydroxylamine hydrochloride and 10 ml. of
water in 100 ml. of tetrahydrofuran is heated at reflux
for about 15 hours. Most of the solvent is removed
under vacuum and the residue diluted with water. The
precipitated solid is recrystallized from cyclohexanone
to give 3.1 g. (90% yield) of spiro(cyclohexane-1,2'-
indan)-4-one oxime[ 12] having a melting point of 120°
to 122° C.

Anal. Calcd. for C;,H;NO: C, 78.10; H, 7.96; N,
6.51. Found: C, 78.08; H, 7.85; N, 6.50.

Following the procedure of Example 24B but substi-
tuting other spiro(cyclohexane-1,2'-indan)-4-one eth-
ylene ketals[ 10] as starting materials, such as

1. 7'-bromospiro(cyclohexane-1,2'-indan)-4-one,
ethylene ketal{10],

2. 6'-ethylspiro(cyclohexane-1,2'-indan)-4-one, eth-
ylene ketal[ 10],

3. 5'-methoxyspiro{cyclohexane-1,2’-indan)-4-one,
ethylene ketal{ 10], and the like,
yields, respectively,

7'-bromospiro(cyclohexane-1,2'-indan)-4-
one[11] and its oxime[ 12],

2. 6'-ethylspiro(cyclohexane-1,2'-indan)-4-one[ 11]
and its oxime([12],

3. 5’-methoxyspiro(cyclohexane-1,2"-indan)-4-
one[11] and its oxime[ 12], and the like.

Example 25B Spiro(cyclohexane-1,2'-indan)-4-one,
oxime acetate{13]

A solution of 3.1 g. spiro(cyclohexane-1,2'-indan)-
4-one oxime([ 12] (prepared in Example 24B) and 6 ml.
of acetic anhydride in 25 ml. of pyridine is allowed to
stand at room temperature for about 6 hours. The reac-
tion mixture is then poured into ice: water and the solid
collected on a filter. The solid is recrystallized from
Skellysolve B to give 2.94 g. (88% yield) of spiro(cy-
clohexane-1,2’-indan)-4-one, oxime acetate[13] hav-
ing a melting point of 91° to 94° C.
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Anal. Caled. for C,gH;yNO,: C, 74.68; H, 7.44; N,
5.44. Found: C, 74.43; H, 7.35; N, 5.49.

Following the procedure of Example 25B but substi-
tuting other spiro(cyclohexane-1,2'-indan)-4-one ox-
imes| 12] as starting materials, such as

1. 6'-chlorospiro(cyclohexane-1,2'-indan)-4-one,
oxime[12],

2. 7'-ethoxyspiro(cyclohexane-1,2’-indan)-4-one,
oxime[12], and the like,
yields, respectively,

1. 6'-chlorospiro{cyclohexane-1,2'-indan)-4-one,
oxime acetate[13],

2. 7’-ethoxyspiro(cyclohexane-1,2’-indan)-4-one,
oxime acetate[13], and the like.

Example 26B Spiro(cyclohexane-1,2’-indan)-4-amine
hydrochloride-{I(b)] ‘

To an ice-cooled solution of 2.94 g. (0.0114 M) of
spiro(cyclohexane-1,2’-indan)-4-one oxime aceta-
te[13] (prepared in Example 25B) in 50 ml. of tetrahy-
drofuran, 15 ml. of N diborane in tetrahydrofuran is
added dropwise. Following about 6 hours of standing in
the cold, 1 ml. of water is added. The solvent is then
removed under vacuum and the residue stirred for
about | hour at room temperature with 90 ml. of 2.5 N
hydrochloric acid covered by ether. The aqueous layer
is then made strongly basic, the organic layer washed
with water and brine and evaporated to dryness. The
residue is dissolved in ether and this solution treated
with 5 N hydrochloric acid in ether. The resulting pre-
cipitate is recrystailized from methanol: ethyl acetate
to give 1.12 g. (41% vyield) of spiro(cyclohexane-1,2’-
indan)-4-amine hydrochloride[I(b)], having a melting
point of 270° to 273° C.

Anal. Calcd. for C,;H,,CIN: C, 70.71; H, 8.48; N,
5.89. Found: C, 70.68; H, 8.55; N, 5.69.

Following the procedure of Example 26B but substi-
tuting other spiro(cyclohexane-1,2'-indan)-4-one ace-
tate oximes[ 13] as starting materials, such as

1. 5'-bromospiro(cyclohexane-1,2'-indan )-4-one,
oxime acetate[13],

2, 6'-ethylspiro(cyclohexane-1,2'-indan )-4-one,
oxime acetate{13],

3. 7"-methoxyspiro(cyclohexane-1,2'-indan)-4-one,
oxime acetate{13], and the like,
yields, respectively,

1. 5’-bromospiro(cyclohexane-1,2'-indan)-4-amine
[1(b)],

2. 6'-ethylspiro(cyclohexane-1,2’-indan )-4-amine

[i(b)],

3. 7'-methoxyspiro(cyclohexane-1,2'-indan )-4-
amine [[(b)], and the like.
Example 27B Spiro(cyclohexane-1,2'-indan)-4-ol[ 14]

To a solution of 8.33 g. (0.042 M) of crude spiro(cy-
clohexane-1,2"-indan)-4-one[ 11] [obtained as in (1) of
Example 23B] in 85 ml. of ethanol, 1.6 g. of sodium
borohydride is added. Following about 6 hours of stir-
ring at room temperature, most of the solvent is re-
moved under vacuum. The residue is suspended in
ether and water. The organic layer is washed with water
and brine and evaporated to dryness. The residue is
chromatographed on a column of 800 ml. of silica gel
with elution by 10% acetone in methylene chloride.
The crystalline fractions are combined and recrystal-
lized from petroleum ether to give 5.52 g. (66% yield)
of spiro(cyclohexane-1,2"-indan)-4-0l[14] having a
melting point of 76° to 78° C.

Anal. Calcd. for C,,H,,0: C, 83.12; H, 8.97. Found:
C, 83.33; H, 8.92.
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Following the procedure of Example 27B but substi-
tuting other spiro{cyclohexane-1,2'-indan)-4-ones{11]
as starting materials, such as

1. 5'-chlorospiro(cyclohexane-1,2"-indan)-4-
one[11],
2 6'-ethoxyspiro{cyclohexane-1,2'-indan)-4-

one[11], and the like,
yields, respectively,

1. 5’-chlorospiro{cyclohexane-1,2'-indan)-4-ol[ 14],

2. 6'-ethoxyspiro(cyclohexane-1,2"-indan)-4-ol[14],
and the like.
Example  28B

indan)-4-ol{ 14]

1. A solution of 7.01 g. (0.027 M) of 5’-methylspiro(-
cyclohexane-1,2'-indan )-4-one ethylene ketal[ 10] (ob-
tained as in Example 21B) and 10 ml. of 2.5 N hydro-
chloric acid in 100 ml. of acetone is allowed to stand at
room temperature for about 17 hours. The solvent is
then removed under vacuum and the residue sus-
pended in water and ether. The organic layer is washed
with water and brine and evaporated to dryness. The
residue is chromatographed on a column of silica gel
with elution by 10% acetone: Skellysolve B. The crys-
talline fractions are combined and recrystallized from
petroleum ether to give 4.43 g. (76% yield) of 5'-
methylspiro(cyclohexane-1,2'-indan)-4-one[ 11], melt-
ing at 68° to 70° C.

Anal. Caled. for C3H,;0: C, 84.07; H, 8.47. Found:
C, 83.92; H, 8.79.

2. To a solution of 4.43 g. of the 5'-methylspiro(cy-
clohexane-1,2’-indan)-4-one[11] obtained in (1),
above, in 100 ml. of 95% isopropanol, 0.8 g. of sodium
borohydride is added. Following about 5.5 hours of
standing at room temperature most of the solvent is
removed under vacuum. The residue is dissolved in
water and ether. The organic layer is washed with water
and brine and then evaporated to dryness, to give 4.55
g. (97%) of 5'-methylspiro(cyclohexane-1,2'-indan)-4-
ol[14] as a gum which showed a single spot on thin
layer chromatography.

Example 29B  5'-Methoxyspiro(cyclohexane-1,2'-

indan)-4-0l{ 14}

1. A solution of 2.87 g. (0.0105 M) of 5'-methoxys-
piro(cyclohexane-1,2'-indan)-4-one  ethylene  ke-
tal[ 10] (obtained as in Example 23B) and 6.5 ml. of
2.5 N hydrochloric acid in 60 ml. of acetone is allowed
to stand at room temperature for about 18 hours. Most
of the solvent is removed under vacuum and the resi-
due dissolved in water and ether. The organic layer is
washed with water and brine and evaporated to dry-
ness. The residue is recrystallized from Skellysolve B to
give 1.95 g. (81% yield) of 5'-methoxyspiro(cyclohex-
ane-1,2'-indan)-4-one{ 1 1] melting at 89° to 91° C.

Anal. Calcd. for C;sH ,,0,: C, 78.23; H, 7.88. Found:
C, 77.96; H, 7.96.

2. A suspension of 1.95 g. of the 5'-methoxyspiro(cy-
clohexane-1,2'-indan)-4-one{11] obtained in (1),
above, in 100 ml. of isopropanol is warmed to bring the
solid into solution. There is then added 0.35 g. of so-
dium borohydride and the mixture stirred at room tem-
perature for about 7 hours. Most of the solvent is re-
moved under vacuum and the residue dissolved in
water and ether. The residue is washed with water and
brine and evaporated to dryness. The product, 1.86 g.
of 5'-methoxyspiro(cyclohexane-1,2'-indan)-4-ol[ 14],
is an oil having a nuclear magnetic resonance (NMR)
spectrum in agreement with the expected structure.

5'-Methylspiro(cyclohexane-1,2'-
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Following the procedures of Examples 28B and 29B
but substituting other spiro(cyclohexane-1,2’-indan)-
4-one ethylene ketals[ 10] as starting materials, such as

7'-fluorospiro(cyclohexane-1,2’-indan)-4-one ethyl-
ene ketal [10], and the like, yields,

7'-fluorospiro(cyclohexane-1,2’-indan)-4-ol[ 14],
and the like.

Example 30B Spiro(cyclohexane-1,2'-indan)-4-ol me-
thanesulfonate[15]

A mixture of 5.52 g. (0.027 M) of spiro(cyclohex-
ane-1,2'-indan)-4-ol[ 14] (obtained in Example 27B) in
50 ml. of ice cold pyridine is treated with 5.5 ml. of
methane sulfonyl chloride. After standing for about 7
hours in the cold the mixture is diluted with ice: water.
The precipitated solid is recrystallized from acetone:
Skellysolve B to give 7.15 g. (93% yield) of spiro(cy-
clohexane-1,2’-indan)-4-ol methanesulfonate[15],
melting at 100° to 102° C.

Anal. Calcd. for C;H;0,S: C, 64.25; H, 7.19.
Found: C, 63.87: H, 7.50.

Example 31B  5’'-Methylspiro(cyciohexane-1,2'-
indan)-4-ol methanesulfonate[15]

To an ice cold solution of 4.55 g. (0.021 M) of 5'-
methylspiro(cyclohexane-1,2"-indan)-4-ol{ 14] (ob-
tained in Example 28B) in 40 mil. of pyridine, 4.5 ml. of
methanesulfonyl chloride is added. After standing
about 5 hours in the cold the mixture is poured into ice:
water. The precipitated gum is extracted with ether and
the extract washed successively with water, 2.5 N hy-
drochloric acid, water and brine. The extract is evapo-
rated to dryness and the solid that remains is recrystal-
lized from ether: petroleum ether to give 5.38 g. (83%)
of 5'-methylspiro(cyclohexane)-1,2'-indan)-4-0l me-
thanesulfonate[ 15], melting at 64° to 66° C.

Anal. Caled. for CgH,0,8: C, 65.27; H, 7.53.
Found: C, 65.41; H, 7.69.

Example 32B 5’'-Methoxyspiro{cyclohexane-1,2'-
indan)-4-ol methanesulfonate[15]

An ice cold solution of 1.86 g. (0.008 M) of 5'-
methoxyspiro(cyclohexane-1,2'-indan)-4-o0l[14] (ob-
tained in Example 29B) in 18 ml. of pyridine is treated
with 2 ml. of methane sulfonyl chloride. After standing
for about S hours in the cold the mixture is poured onto
ice: water. The precipitated solid is recrystallized from
methylene chloride: Skellysolve B to give 2.1 g. (85%
yield) of 5’-methoxyspiro(cyclohexane-1,2'-indan)-4-
ol methanesulfonate[ 15], melting at 63° to 67° C.

Anal. Calcd. for C,H,,0,S: C, 61.91; H, 7.14.
Found: C, 61.80; H, 7.14.

Following the procedures of Example 30B through
32B but substituting other spiro(cyclohexane-1,2’-
indan)-4-ols[ 14] as starting materials, such as

1. 5'-bromospiro(cyclohexane-1,2'-indan)-4-ol[ 14],

2. 6’-ethylspiro(cyclohexane-1,2’-indan)-4-ol{ 14],

3. 7'-isopropoxyspiro(cyclohexane-1,2’-indan)-4-
ol[ 14], and the like,
yields, respectively,

1. 5’-bromospiro(cyciohexane-1,2'-indan)-4-ol me-
thanesulfonate[15],

2. 6'-ethylspiro(cyclohexane-1,2'-indan)-4-0l me-
thanesulfonate[15],

3. 7'-isopropoxyspiro(cyclohexane-1,2'-indan)-4-ol
methanesulfonate[ 15], and the like.

Example 33B Spiro(cyclohexane-1,2’-indan)-4-amine
hydrochloride[l{b)]

1. A mixture of 7.15 g. (0.0256 M) of spiro(cy-
clohexane-1,2'-indan)-4-o0l methanesulfonate[15] (ob-
tained in Example 30B) and 7 g. of sodium azide in 70
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ml. of dimethylformamide is stirred in an oil bath at
about 90° C. for about 17 hours. The solvent is then
removed under vacuum and the residue dissolved in
benzene and water. The organic layer is washed with
water and brine to give spiro(cyclohexane-1,2'-indan)-
4-ylazide[ 16].

2. A solution of the crude spiro(cyclohexane-1,2'-
indan)-4-ylazide{ 16] obtained in (1), above, in 75 ml.
of tetrahydrofuran is added to a well stirred suspension
of 1 g. of lithium aluminum hydride in 25 ml. of tetra-
hydrofuran. Following about 5 hours of stirring at room
temperature the mixture is cooled in ice and treated
successively with 1 ml. of water, | ml. of 15% aqueous
sodium hydroxide solution and 3 ml. of water. The
inorganic gel is removed by filtration and the filtrate
evaporated to dryness. The residue is dissolved in ether
and this solution treated with 5 N hydrogen chloride in
ether. The precipitated solid is recrystallized from
methanol: ethyl acetate to give 4.58 g. (76% yield) of
spiro(cyclohexane-1,2’-indan)-4-amine hydro-
chloride{I(b)], melting at 280° to 282° C.

Example 34B  5’-Methylspiro(cyclohexane-1,2'-
indan)-4-amine hydrochloride[I(b)]

1. A mixture of 5.38 g. (0.0183 M) of 5'-methyl-
spiro(cyclohexane-1,2'-indan)-4-ol methanesul-
fonate[15] (prepared in Example 31B) and 5.4 g. of
sodium azide in 55 ml. of dimethylformamide is stirred
in an oil bath at about 100° C. for about 18 hours. The
solvent is removed under vacuum and the residue dis-
solved in benzene and water. The organic layer is
washed with water and brine and evaporated to dryness
to give 5'-methylspiro(cyclohexane-1,2’-indan)-4-
ylazide[ 16].

2. A solution of the 5’-methylspiro(cyclohexane-
1,2’-indan)-4-ylazide[ 16] obtained in (1), above, in 60
ml. of tetrahydrofuran is added to a well stirred suspen-
sion of 0.75 g. of lithium aluminum hydride in 20 ml. of
tetrahydrofuran in the course of about 30 minutes.
After about 4 hours the mixture is cooled in ice and
treated successively with 0.75 ml. water, 0.75 ml. of
15% aqueous sodium hydroxide solution and 2.25 ml.
of water. The inorganic gel is removed by filtration,
rinsed with methylene chloride and ether and the fil-
trate evaporated to dryness. The residue is dissolved in
ether and the solution treated with 5 N hydrogen chlor-
ide in ether. The precipitated solid is recrystallized
from methylene chloride: ethyl acetate to give 3.89 g.
(85%) of 5'-methylspiro(cyclohexane-1,2'-indan)-4-
amine hydrochloride {I1(b)], melting at 248° to 252° C.

Anal. Caled. for C,jH,,CIN: C, 75.54; H, 8.81; N,
5.56. Found: C, 71.19; H, 8.85; N, 5.42.

Example 358 5'-Methoxyspiro(cyclohexane-1,2’-
indan)-4-amine hydrochloride{l(b)}

1. A mixture of 2.1 g. (0.0068 M) of 5'-methoxys-
piro(cyclohexane-1,2'-indan)-4-ol methanesul-
fonate[15] (obtained in Example 32B) and 2.1 g. of
sodium azide in 20 mi. of dimethylformamide is stirred
in an oil bath at about 90° C. for about 16 hours. The
solvent is removed under vacuum and the residue dis-
solved in benzene and water. The organic layer is
washed with water and brine and evaporated to dryness
to give 5’-methoxyspiro(cyclohexane-1,2'-indan)-4-
ylazide[16].

2. A solution of the 5'-methoxyspiro(cyclohexane-
1,2’-indan)-4-ylazide[ 16] obtained in (1), above, in 50
ml. of tetrahydrofuran to 0.26 g. of lithium aluminum
hydride in 8 ml. of tetrahydrofuran in the course of
about 10 minutes. Following about 4.5 hours of stirring
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at room temperature the mixture is cooled in ice and
there is added successively 0.26 ml. of water, 0.26 ml.
of 15% aqueous sodium hydroxide solution and 0.78
ml. of water. The inorganic gel is collected on a filter
and the filtrate evaporated to dryness. A solution of the
residue in ether is treated with 6 N hydrogen chloride
in ether. The precipitated solid is recrystallized from
methanol: methylene chloride: ethyl acetate to give
0.69 g. (38% yield) of 5'-methoxyspiro(cyclohexane-
1,2'-indan)-4-amine hydrochloride[I(b)], having a
melting point of 274° to 277° C.

Anal. Calcd. for C,;H,,CINO: C, 67.27; H, 8.28; N,
5.23. Found: C, 67.25; H, 8.18; N, 4.98.

Concentration of the mother liquors gives 0.43 g.
(23%) of an apparently polymorphic form of the prod-
uct [I(b}], having a melting point of 246° to 248° C.

Anal. Found: C, 66.98; H, 8.50; N, 4.87; m/fe 231.

Following the procedures of Examples 33B through
35B but substituting other spiro(cyclohexane-1,2'-
indan)-4-ol methanesulfonates[15] as starting materi-
als, such as

1. 5'-fluorospiro(cyclohexane-1,2'-indan)-4-ol me-
thanesulfonate[15],

2.  6'-isopropylspiro(cycliohexane-1,2'-indan)-4-ol
methanesulfonate[ 151, and the like,
yields, respectively,

1. 5'-fluorospiro(cyclohexane-1,2’-indan)-4-amine
hydrochloride[I(b)],

2. 6’-isopropylspiro(cyclohexane-1,2'-indan)-4-
amine hydrochloride(I(b)], and the like.

Following the procedures of the immediately preced-
ing paragraph and of Examples 33B through 35B but
substituting other pharmacologically acceptable acids
for hydrogen chloride, e.g., sulfuric, nitric, acetic, cit-
ric, benzoic, nicotinic, and the like, yields correspond-
ing spiro(cyclohexane-1,2'-indan)-4-amine acid addi-
tion salts[I(b)].

Example 36B 1-Spiro(cyclohexane-1,2'-indan}-4-yl
piperidine hydrochloride[I(b)]

To a suspension of 1.53 g. (0.0065 M) of spiro(cy-
clohexane-1,2-'-indan)-4-amine  hydrochloride[I(b)]
(prepared as in Example 33B) in 30 ml. of ethanol,
there is added 1.58 ml. of 4.2 N sodium methoxide in
methanol. Following about 1 hour of stirring, 1.62 g. of
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potassium carbonate and 0.97 ml. of 1,5-diiodopentane 45

is added and the mixture heated to reflux. After about
18 hours the mixture is allowed to cool and most of the
solvent removed under vacuum. The residue is parti-
tioned between ether and water, the organic layer
washed with water and brine and then evaporated to
dryness. The residual solid is dissolved in ether and this
solution treated with 5 N hydrogen chloride in ether.
The resulting precipitate is recrystallized from methy-
lene chloride: ethyl acetate to give 1.53 g. (77% of
theoretical yield of 1-spiro(cyclohexane-1,2'-indan)-
4-yl piperidine hydrochloride[I(b)], having a melting
point of 282° to 286° C.

Anal. Calcd. for C;,HyCIN: C, 74.60; H, 9.23; N,
4.58. Found: C, 74.13; H, 9.27; N, 4.71.

Following the procedure of Example 36B but substi-
tuting the same and other (a) acid addition salts of
spiro(cyclohexane-1,2'-indan)-4-amines[1(b)] and (b)
the same and other dihaloalkanes in stoichiometrically
appropriate amounts as starting materials, such as

1. spiro(cyclohexane-1,2'-indan)-4-amine hydro-
chloride [I(b)] and 1,4-dibromobutane,

2. spiro(cyclohexane-1,2’-indan)-4-amine hydrobro-
mide {I(b)] and 1,6-diiodohexane,
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3. S5'-chlorospiro(cyclohexane-1,2'-indan)-4-amine
hydrochloride[1(b)] and 1,5-diiodopentane,

4.  6'-ethylspiro(cyclohexane-1,2’-indan)-4-amine
nitrate[I(b)] and 1,4-diiodobutane, and the like,
yields, respectively,

1. 1-spiro(cyclohexane-1,2'-indan)-4-yl pyrrolidine
hydrochloride[I(b)],

2. 1-spiro(cyclohexane-1,2'-indan)-4-yl
thyleneimine hydrochloride[I(b)],

3. 1-[5’-chlorospiro (cyclohexane-1,2’-indan) -4-yl]-
piperidine hydrochloride{I(b)],

4.  1-[6'-ethylspiro(cyclohexane-1,2"-indan)-4-yl1-
pyrrolidine hydrochloride[I(b)], and the like.
Example 37B 4’-Fluoro-4-[[spiro[cyclohexane-1,2'-

indan]-4-yl]Jamino]butyrophenone hydro-

chloride[I(b)]

To a solution of 1.12 g (0.0047 M) of spiro(cy-
clohexan-1,2’-indan)-4-amine hydrochloride[I(b)]
(prepared as in Example 33B) in 30 ml. of dimethyl-
formamide, there is added 0.22 g. of sodium hydride.
Following about 1 hour of stirring at room tempera-
ture, 0.81 g. of potassium jodide, 1.32 g. of potassium
carbonate and 1.14 g of the 2,2-dimethyl-1,3-
propanediol ketal of 4-chloro-4’-fluorobutyrophenone
are added. The mixture is then stirred in an oil bath for
about 18 hours at about 90° C. The solvent is removed
under vacuum and the residue dissolved in benzene and
water. The organic layer is washed with water and brine
and evaporated to dryness. The residue is then stirred
with 15 ml. of methanol and 7.5 ml. of 2.5 N hydro-
chloric acid for about 2 hours. Most of the methanol is
removed under vacuum and the solid collected on a
filter. Two recrystallizations from methylene chloride:
ethyl acetate give 0.84 g. (46% yield) of 4'-fluoro-4-
[ [spiro[cyclohexane-1,2’-indan]-4-
yl]aminobutyrophenone hydrochloride{I(b)], having a
melting point of 195° to 198° C.

Anal. Calcd. for C, H,,CIFNO: C, 71.71; H, 7.27.
Found: C, 71.68; H, 7.14.

Example 38B 4'-Fluoro-4-[5'-methylspiro[cyclohex-
ane-1,2’-indan}-4-yl]amino]butyrophenone hydro-
chloride[I(b)]

A suspension of 1.5 g. (0.0049 M) of 5'-methyl-
spiro(cyclohexane-1,2’-indan)-4-amine hydro-
chloride[I(b)] (prepared as in Example 34B) in 30 ml.
of methylene chloride is shaken with 25 ml. of N so-
dium hydroxide solution until all the solid is dissolved.
The organic layer is separated and evaporated to dry-
ness. To a solution of the residue in 25 ml. of dimethyl-
formamide, 1 g. of potassium iodide, 1.53 g. of potas-
sium carbonate and 1.41 g. of the 2,2-dimethyi-1,3-
propanediol ketal of 4-chloro-4’-fluorobutyrophenone
are added. Following about 18 hours of heating in an
oil bath at about 90° C., the solvent is removed under
vacuum. The residue is dissolved in benzene and water,
the organic layer washed with water and brine and then
evaporated to dryness. A mixture of the residue in 10
ml. of 2.5 N hydrochloric acid and 20 ml. of methanol
is stirred for about 2 hours at room temperature. Most
of the methanol is then removed under vacuum and the
solid collected on a filter. This is recrystallized from
methanol: ethyl acetate to give 0.61 g. (30% yield) of
4'-fluoro-4-[[5'-methylspiro{cyclohexane-1,2"-indan]-
4-yl]lamino]butyrophenone hydrochloride{I(b)], melt-
ing at 20° to 206° C.

Anal. Calcd. for C,sH,, CIFNO: C, 72.18; H, 7.51; N,
3.37. Found: C, 72.28; H, 7.73; N, 3.29.

hexame-
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Example 39B  4'-Fluoro-4-[[5'-methoxyspiro[cy-
clohexane-1,2'-indan]-4-ylJamino |butyrophenone
hydrochloride[I(b)]

A suspension of 0.69 g. (0.0026 M) of 5'-methoxys-
piro(cyclohexane-1,2'-indan)-4-amine hydro-
chloride[I(b)] (prepared in Example 35B) in 15 ml. of
methylene chloride is shaken with 10 ml. of N sodium
hydroxide solution until all of the solid is dissolved. The
organic layer is separated and evaporated to dryness.
To a solution of the residue in 15 ml. of dimethylform-
amide, 0.52 g. of potassium iodide, 0.81 g. of potassium
carbonate and 0.75 g. of the 2,2-dimethyi-1,3-
propanediol ketal of 4-chloro-4'-fluorobutyrophenone
are added. After about 18 hours of heating at about 90°
C., the solvent is removed under vacuum. The residue
is dissolved in benzene and water, the organic layer
washed with water and brine and evaporated to dry-
ness. The residue is dissolved in 5 ml. of 2.5 N hydro-
chloric acid and 10 ml. of methanol. After standing for
about 3 hours at room temperature most of the metha-
nol is removed under vacuum. The solid that precipi-
tates is recrystallized from methylene chloride: ethyl
acetate to give 0.52 g. (46%) of 4'-fluoro-[[5'-methox-
yspiro[cyclohexane-1,2’-indan}-4-ylJamino]-
butyrophenone hydrochloride[I(b)], melting at 190° to
193° C.

Anal. Caled. for CgzHy, CIFNO,: C, 69.51; H, 7.23; N,
3.24. Found: C, 69.92; H, 7.20; N, 3.11.

Following the procedures of Examples 37B through
39B but substituting the same and other (a) acid addi-
tion salts of spiro(cyclohexane-1,2’-indan)-4-amines-
{I(b)] and (b) the 2,2-dimethyl-1,3-propanediol ketals
of the same and other w-haloalkanaryl ketones in stoi-
chiometrically appropriate amounts as starting materi-
als, such as

1. spiro(cyclohexane-1,2’-indan)-4-amine hydro-
chloride [1(b)] and the 2,2-dimethyl-1,3-propanediol
ketal of 3-bromo-4’-ethylpropiophenone,

2. 7'-chlorospiro(cyclohexane-1,2’-indan)-4-amine
hydrobromide[I(b)] and the 2,2-dimethyl-1,3-
propanediol ketal of 3’,4-dichlorobutyrophenone,

3.  6'-ethylspiro(cyclohexane-1,2'-indan)-4-amine
hydochloride[I(b)] and the 2,2-dimethyl-1,3-
propanediol keta! of 4-chloro-2’'-ethoxybutyrophe-
none,

4.  4'-acetylamidospiro(cyclohexane-1,2'-indan)-4-
amine hydrochloride[I(b)] and the 2,2-dimethyl-1,3-
propanediol ketal of 5-chloro-4-ethylvalerophenone,
and the like,
yields, respectively,

1. 4'-ethyl-3-[ [ spiro[ cyclohexane-1,2’-indan-4-
yl]amino]propiophenone hydrochloride[I(b)],

2. 3'-chloro-4-[[7'-chlorospiro[cyclohexane-1,2’-
indan]-4-yl]Jamino]butyrophenone hydro-
chioride[l(b)],

3. 2'-ethoxy-4-[ [ 6'-ethylspiro| cyclohexane-1,2’-
indan ]-4-ylJamino]butyrophenone hydro-
chloride[I(b)],

4.  4'-ethyl-5-[[4’'-acetylamidospiro[cyclohexane-
1,2'-indan]-4-ylJamino]valerophenone hydro-
chloride[I(b)], and the like.

Example 40B Ethyl spiro(cyclohexane-1,2’-indan)-4-
carbamate[l(b)]

A suspension of 3.03 g. (0.0128 M) of spiro(cy-
clohexane-1,2"-indan)-4-amine  hydrochloride{1(b)]
{prepared as in Example 33B) in 65 ml. of methylene
chloride is shaken with 50 ml. of N sodium hydroxide
solution until the solid is completely dissolved. The
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organic layer is separated and evaporated to dryness.
To an ice cooled solution of the residue in 25 ml. of
pyridine, 2 ml. of ethy! chloroformate is added drop-
wise. After about 5 hours in the cold the mixture is
poured onto ice: water. The precipitated solid is recrys-
tallized from Skellysolve B to give 2.9 g. (83%) of ethyl
spiro(cyclohexane-1,2’-indan)-4-carbamate[I(b)],
melting at 70° to 73° C.

Example 41B Ethyl 5'-methylspiro(cyclohexane-1,2’-

indan)-4-carbamate[I(b)]

A solution of the amine free base prepared from 1.97
g- (0.00785 M) of 5'-methylspiro(cyclohexane-1,2'-
indan)-4-amine hydrochloride[I(b)] (obtained as in
Example 34B), in 16 ml. of pyridine, is cooled in an ice
bath. After the addition of 1.25 ml. of ethyl chlorofor-
mate the mixture is allowed to stand in the cold for
about 5.5 hours and then poured into ice water. The
gum that precipitates is extracted with ether. The com-
bined extracts are washed successively with water, ice
cold 2.5 N hydrochloric acid, water, aqueous sodium
bicarbonate solution and brine, and evaporated to dry-
ness. The residue is chromatographed over a 250 ml.
column of silica gel with elution by 5% ethyl acetate:
methylene chloride. The fractions shown alike by TLC
are combined to give 2.19 g. of ethyl 5'-methylspiro(-
cyclohexane-1,2’-indan )-4-carbamate[I(b)], having a
melting point of 55° to 60.5° C.

Example 42B Ethyl 5’'-methoxyspiro(cyclohexane-
1,2'-indan)-4-carbamate[[(b)]

To an ice cooled solution of the amine free base
prepared from 2.38 g. (0.00926 M) of 5'-methoxys-
piro(cyclohexane-1,2’-indan)-4-amine hydro-
chloride[I(b)] (obtained as in Example 35B), in 0.82
ml. of triethylamine and 40 ml. of tetrahydrofuran,
0.87 ml. of ethyl chloroformate is added. The mixture
is kept in the cold for about 6 hours and then evapo-
rated to dryness under vacuum. The residue is dis-
solved in water and ether and the organic layer washed
with water and brine and then evaporated to dryness.
The residue is chromatographed on a 250 ml. column
of silica gel with elution by 10% acetone: Skellysolve B.
The fractions shown alike by TLC are combined to
yield 2.22 g. (79%) of ethyl 5'-methoxyspiro(cyclohex-
ane-1,2'-indan)-4-carbamate{I(b)] as a waxy solid.

Following the procedures of Examples 40B through
42B but substituting another spiro(cyclohexane-1,2"-
indan)-4-amine[I(b)] and another lower alkyl halofor-
mate, such as

1. 5'-chlorospiro(cyclohexane-1,2'-indan)-4-amine
hydrochlonde[l(b)] and methyl chloroformate,

2.  4'-ethylspiro(cyclohexane-1,2’-indan)-4-amine
hydrochloride[1(b}] and propyl chloroformate, and the
like,
yields, respectively,

1. methyl 5'-chlorospiro(cyclohexane-1,2"-indan)-4-
carbamate[I(b)],

2. propyl 4’-ethylspiro(cyclohexane-1,2'-indan)-4-
carbamate{l(b)], and the like.

Example 43B  Spiro(cyclohexane-1,2’-indan)-4-
methylamine hydrochloride[I(b)]

A solution of 2.9 g. (0.0106 M) of ethyl spiro(cy-
clohexane-1,2'-indan)-4-carbamate[I(b)] (prepared in
Example 40B) in 50 ml. of tetrahydrofuran, is added to
a well stirred suspension of 0.5 g. of lithium aluminum
hydride in 25 ml. of tetrahydrofuran. The mixture is
heated at reflux for about 6 hours and then cooled in
ice. There is added successively 0.5 ml. of water, 0.5
ml. of 15% aqueous sodium hydroxide solution and 1.5
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ml. of water. The inorganic gel is collected on a filter
and the filtrate evaporated to dryness. An ether solu-
tion of the residue is treated with 6 N hydrochloric acid
to give 1.8 g. (66%) of spiro{cyclohexane-1,2'-indan)-
4-methylamine hydrochloride[I(b)], melting at 251° to
254° C.

Anal. Calcd. for C,;H,,CIN.1/3H,0: C, 69.88; H,
9.22; N, 5.43. Found: C, 69.99; H, 8.55; N, 5.25.
Example 44B  5'-Methylspiro(cyclohexane-1,2'-

indan)-4-methylamine[I(b)]

To a well stirred suspension of 0.33 g. of lithium
aluminum hydride in 8 ml. of tetrahydrofuran, a solu-
tion of 2.19 g. (0.00764 M) of ethyl 5'-methylspiro{cy-
clohexane-1,2'-indan)-4-carbamate[I(b)] (prepared in
Example 41B) in 50 mi. of tetrahydrofuran is added.
The mixture is stirred at room temperature for about 6
hours. After cooling in an ice bath, there is added suc-
cessively 0.33 ml. of water, 0.33 ml. of 15% sodium
hydroxide solution and 0.99 ml. of water. The resulting
inorganic gel is collected on a filter, rinsed well with
ether and the filtrate evaporated to dryness. A solution
of the residual gum in 35 ml. of tetrahydrofuran is
added to a well stirred suspension of 0.33 g. of lithium
aluminum hydride in 5 ml. of tetrahydrofuran. After
about 6 hours of stirring at room temperature the reac-
tion mixture is treated as above. The residual gum is
dissolved in a small amount of ether and extracted
three times with 20 ml. of 2.5 N hydrochloric acid. The
combined extracts are washed with ether and made
basic. The material that precipitates is extracted with
ether and the extracts evaporated to dryness to give
5’-methylspiro(cyclohexane-1,2'-indan}-4-
methylamine{I(b)] as gum.

Example 45B 5'-Methoxyspiro(cyclohexane-1,2'-
indan)-4-methylamine hydrochloride[1(b)]

To a well stirred suspendion of 0.32 g. of lithium
aluminum hydride in 8 mi. of tetrahydrofuran, a solu-
tion of 2.22 g. (0.00732 M) of ethyl 5'-methoxyspiro(-
cyclohexane-1,2'-indan)-4-carbamate[I(B)] (prepared
in Example 42B) in 50 ml. of tetrahydrofuran is added.
After about 18 hours of stirring at room temperature
the mixture is cooled in an ice bath and there is added
successively 0.32 ml. of water, 0.32 ml. of 15% aqueous
sodium hydroxide solution and 96 ml. of water. The
resulting precipitate is collected on a filter and the
filtrate evaporated to dryness. A solution of the residue
in a small amount of ether is extracted with 2.5 N hy-
drochloric acid. A precipitate suspended in the acid
layer is extracted with methylene chloride and evapo-
rated to dryness. The acid portion is made basic, ex-
tracted with ether and evaporated to dryness. A solu-
tion of the latter residue in ether is treated with an
excess of ethereal hydrochloric acid. A precipitate is
collected on a filter, combined with the residue from
the methylene chloride extract, and recrystallized from
methanol: ether to give 0.56 g. (35.1% yield) of 5'-
methoxyspiro(cyclohexane-1,2-indan)-4-methylamine
hydrochloride[I(b)], melting at 225° to 229° C.

Anal. Caled. for C,qHsCINO.1/2CH;0H: C, 66.53;
H, 8.80; N, 4.70. Found: C, 66.74; H, 8.54; N, 4.82.

Following the procedures of Examples 34B through
45B but substituting another lower alkyl spiro(cy-
clohexane-1,2'-indan)-4-carbamate{I(b)] as starting
material, such as

1. ethyl S’-bromospiro(cyclohexane-1,2'-indan)-4-
carbamate[I(b)],

2. propyl 4'-ethoxyspiro(cyclohexane-1,2'-indan)-4-
carbamate[I(b)], and the like,
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yields, respectively,

1. 5'-bromospiro(cyclohexane-1,2"-indan)-4-
methylamine hydrochloride[I(b)],

2. 4'-ethoxyspiro(cyclohexane-1,2'-indan)-4-
methylamine hydrochloride[I(b)], and the like.
Example 46B 4'-Fluoro-4-[ methyl(spiro[cyclohexane-

1,2’-indan]-4-yl]Jamino]butyrophenone hydro-

chloride[I(b)]

To a suspension of 1 g. (0.0040 M) of spiro(cy-
clohexane-1,2’-indan)-4-methylamine hydro-
chloride[I(b)] (prepared as in Example 43B) in 20 ml.
of dimethylformamide, 0.17 g. of sodium hydride is
added. After about 1 hour, 0.8 g. of potassium iodide,
1.25 g. of potassium carbonate and 1.15 g. of the 2,2-
dimethyl-1,3-propandiol  ketal ~of  4-chloro-4’-
fluorobutyrophenone is added to the mixture. The mix-
ture is heated in an oil bath at about 110° C. for about
17 hours and allowed to cool. The solvent is then re-
moved under vacuum and the residue dissolved in ben-
zene and water. The organic layer is washed with water
and brine and evaporated to dryness. A mixture of the
residue and 7.5 ml. of 2.5 N hydrochloric acid in 15 mi.
of methanol is stirred at room temperature for about 2
hours. Most of the methanol is removed under vacuum
and the precipitated solid collected on a filter. This is
recrystallized twice from methylene chloride: ethyl
acetate to give 0.77 g. (45%) of 4'-fluoro-4-[ methyi{-
spiro[cyclohexane-1,2’ -indan]-4-ylJamino ]butyrophe-
none hydrochloride[I(b)}, melting at 195° to 197° C.,
and also named 4'-fluoro-4-[spiro{cyclohexane-1,2'-
indan)-4-yl-N-methylamino}butyrophenone hydro-
chloride.

Anal. Caled. for CpHjy,CIFNO.%.H,0: C, 70.65; H,
7.35; N, 3.29. Found: C, 71.10; H, 7.44; N, 3.20.
Example 47B 4'-Fluoro-4-[ methyl[5'-methylspiro[cy-

clohexane-1,2'-indan]-4-ylJamino Jbutyrophenone

hydrochloride[I(b)]

A mixture of 0.72 g. (0.00314 M) of 5"-methylspiro(-
cyclohexane-1,2'-indan)-4-methylamine[1(b)] (pre-
pared in Example 44B), 0.99 g. of potassium carbon-
ate, 0.65 g. of potassium iodide and 0.9 g. of the 2,2-
dimethyl-1,3-propanediol  ketal of 4-chloro-4'-
fluorobutyrophenone in 16 ml. of dimethylformamide
is heated in an oil bath at about 90° C. for about 18
hours. Most of the solvent is removed under vacuum
and the residue dissolved in benzene and water. The
organic layer is washed with water and brine and evap-
orated to dryness. The residue is stirred with 12 ml. of
methanol and 6 ml. of 2.5 N hydrochloric acid for
about 3 hours at room temperature. Most of the metha-
nol is removed under vacuum and the residue extracted
with methylene chloride. The extract is washed with N
sodium hydroxide solution and evaporated to dryness.
The residue is chromatographed on a 200 ml. column
of silica gel with elution by 30% Skellysolve B: methy-
lene chloride saturated with ammonium hydroxide.
Those fractions found alike by TLC are dissolved in
methylene chloride. The latter solution is washed with
2.5 N hydrochloric acid, evaporated to dryness and
recrystallized from methanol: ether to yield 0.25 g.
(18.5%) of 4'-fluoro-4-[methyl[5'-methylspiro[cy-
clohexane-1,2’-indan]butyrophenone hydro-
chloride[I(b)], meiting at 212.5° to 214° C,

Anal. Calced. for CeHaCIFNO: C, 72.62; H, 7.74; N,
3.26. Found: C, 72.17; H, 7.79; N, 3.26.

Example 48B 4’-Fluoro-4-[methyl{5'-methoxyspiro[-
cyclohexane-1,2'-indan}-4-ylJamino]butyrophenone
hydrochloride[l(b)]
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A mixture of the amine free base prepared from (.84
g- (0.0030 M) of 5’-methoxyspiro(cyclohexane-1,2'-
indan)-4-methylamine hydrochloride[I(b)] (obtained
as in Example 45B), 0.95 g. of potassium carbonate,
0.62 g. of potassium iodide and 0.86 g. of the 2,2-
dimethyl-1 3-propanedlol ketal of 4-chloro-4'-
fluorobutyrophenone in 15 ml. of dimethylformamide
is heated in an oil bath at about 90° C. for about 18
hours. Most of the solvent is removed under vacuum
and the residue dissolved in benzene and water. The
organic layer is washed with water and brine and then
evaporated to dryness. A solution of the residue in 12
ml. of methanol and 6 ml. of 2.5 N hydrochloric acid is
stirred at room temperature for about 3 hours. Most of
the methanol is removed under vacuum and the residue
extracted with methylene chloride. The residue is
washed with N aqueous sodium hydroxide solution and
evaporated to dryness. The residue is chromatographed
on a 200 ml. column of silica gel with elution by 30%
Skellysolve B: methylene chloride saturated with am-
monium hydroxide. Those fractions found alike by
TLC are pooled and evaporated to dryness. The resi-
due is streaked onto 3 preparative TLC plates and
eluted with methylene chloride saturated with ammo-
nium hydroxide. The band having the strongest ultravi-
olet absorbtion is eluted and evaporated to dryness to
give 0.45 g. (33.6% yield) of p-fluoro-4-[methyl[5'-
methoxyspiro[ cyclohexane-1,2'-indan]-4-yl Jamino]-
butyrophenone hydrochlorede[1(b)] as an amorphous
foam.

Following the procedures of Examples 46B through
48B but substituting the same and other (a) acid addi-
tion salts of spiro(cyclohexane-1,2'-indan)-4-lower
alkylamines [I(b)] and (b) the 2,2-dimethyl-1,3-
propanediol ketal of w-haloalkanaryl ketones in stoi-
chiometrically appropriate amounts as starting materi-
als, such as

1. spiro(cyclohexane-1,2'-indan)-4-methylamine hy-
drochloride[l(b)] and the 2,2-dimethyl-1,3-
propanediol ketal of 3'-bromo-3-chloropropiophe-
none,

2. 6’-ethylspiro(cyclohexane-1,2'-indan)-4-methyla-
mine hydrochloride[I(b)] and the 2,2-dimethyl-1,3-
propanediol ketal of 4-chloro-2’-ethoxybutyrophe-
none,

3. 5'-propionylamidospiro(cyclohexane-1,2'-indan)-
4-methylamine hydrochloride[I(b)] and the 2,2-
dimethyl-1,3-propanediol ketal of 5-chloro-4'-propyl-
valerophenone and the like,

yields, respectively,

1. 3’-bromo-3-[ methyl[spiro[cyclohexane-1,2'-
indan]-4-ylJamino]propiophenone hydro-
chloride(I(b)}],

2. 2'-ethoxy-4-[ methyl[ 6'-ethylspiro[cyclohexane-
1,2’-indan]-4-ylJamino]butyrophenone hydro-
chloride[1(b)],

3. 4'-propyl-5-[methyl{5’-propionylamidospiro{cy-

clohexane-1,2’-indan]-4-ylJamino]valerophenone hy-

drochloride[I(b)], and the like.

Example 49B 1’-Hydroxyspiro{cyclohexane-1,2'-
indan)-4-one ethylene ketal[17]

A solution of 2.6 g. (0.01 M) of spiro(cyclohexane-
1,2'-indan)-1',4-dione ethylene ketal[9] (prepared as
in Example 16B) in 50 ml. of tetrahydrofuran is added
to a well stirred suspension of 0.5 g. of lithium alumi-
num hydride in 10 ml. of tetrahydrofuran. The mixture
is stirred at room temperature for about 5 hours,
cooled in ice and treated successively with 0.5 ml. of
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water, 0.5 ml. of 15% aqueous sodium hydroxide solu-
tion and 1.5 ml. of water. The inorganic gel is removed
by filtration and the filtrate evaporated to dryness. The
residue is recrystallized from cyclohexane to give 2.45
g. (95%) of 1'-hydroxyspiro(cyclohexane-1,2'-indan)-
4-one ethylene ketal[17], having a melting point of
125° to 128° C.

Anal. Calcd. for C,gH,,0;: C, 73.82; H, 7.74. Found:
C, 73.48; H, 7.78.

Following the procedure of Example 49B but substi-
tuting other spiro(cyclohexane-1,2'-indan)-1,4-dione
alkylene ketals[9] as starting materials, such as

" 5'-methoxyspiro(cyclohexane-1,2'-indan)-1',4-
dione ethylene ketal[9] yields,
1’-hydroxy-5’-methoxyspiro(cyclohexane-1,2'-
indan)-4-one ethylene ketal{17].
Example 50B  1'-Acetoxyspiro(cyclohexane-1,2’-
indan)-4-one[19]

1. A solution of 2.45 g. (0.0094 M) of 1’'-hydroxys-
piro(cyclohexane-1,2'-indan)-4-one  ethylene  ke-
tal[17] (prepared in Example 49B) and 5 ml. of 2.5 N
hydrochloric acid in 50 ml. of acetone is allowed to
stand for about 17 hours at room temperature, Most of
the solvent is removed under vacuum and the residue
dissolved in water and ether. The organic layer is
washed with water and brine and evaporated to dryness
to give 1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-
one[ 18], as a gum.

2. A solution of the 1'-hydroxyspiro(cyclohexane-
1,2’-indan)-4-one[ 18] obtained in (1), above, and 4
ml. of acetic anhydride in 16 ml. of pyridine is allowed
to stand at room temperature for about 7 hours and
then poured into ice:water. The precipitate is extracted
with ether. This extract is washed successively with
water, ice cold 2.5 N hydrochloric acid, water and
saturated aqueous sodium bicarbonate solution and
then evaporated to dryness. The residual solid is recrys-
tallized from Skellysolve B to give 1.82 g. (75% yield)
of 1’-acetoxyspiro(cyclohexane-1,2'-indan )-4-
one[ 19], melting at 87° to 89° C.

Anal. Calcd. for C,¢H,304: C, 74.39; H, 7.02. Found:
C, 73.93; H, 6.95.

Following the procedure of Example 50B but substi-
tuting other 1’-hydroxyspiro(cyclohexane-1,2’-indan)-
4-one alkylene ketals[17] and an anhydride of another
hydrocarbon carboxylic acid for acetic anhydride, such
as

1. -hydroxy-4’-acetylamldosplro(cyclohexane-
1,2'-indan)-4-one ethylene ketal[17] and propionic
anhydride,

2. 1’-hydroxy-5'-ethylspiro(cyclohexane-1,2’-
indan)-4-one ethylene ketal[17] and isopropionic an-
hydride, and the like,
yields, respectively,

1. 1'-propionyloxy 4'-acetylamidospiro(cyclohex-
ane-1,2'-indan)-4-one[ 19],

2. 1’-isopropionyloxy-5'-ethylspiro(cyclohexane-
1,2'-indan)-4-one[19], and the like.

Example 51B  1’-Acetoxyspiro(cyclohexane-1,2'-
indan)-4-ol methanesulfonate[21]

1. To a solution of 1.82 g. (0.0071 M) of 1’-acetoxy(-
cyclohexane-1,2'-indan)-4-one[19] (prepared in Ex-
ample 50B) in 25 of 95% isopropanol, 0.32 g. of so-
dium borohydride is added. Following about 1 hour of
stirring at room temperature most of the solvent is
removed under vacuum. The residue is dissolved in
ether and water, the organic layer is washed with water
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and brine and evaporated to dryness to give 1'-acetox-
yspiro(cyclohexane-1,2’-indan )-4-0l[ 20].

2. The residual gummy 1'-acetoxyspiro(cyclohexane-
1,2'-indan)-4-01{20] obtained in (1), above, is dis-
solved in pyridine. This solution is cooled in ice and
treated with 1.7 ml. of methanesulfonyl chloride. After
standing in the cold for about 17 -hours the mixture is
poured into ice and water. The gum that precipitates is
extracted with ether. The organic layer is washed suc-
cessively with water, 2.5 N hydrochloric acid, water
and brine and evaporated to dryness. The residue is
recrystallized twice from a mixture of ether and petro-
leum ether to give 1.54 g. (65% yield) of 1'-acetoxys-
piro(cyclohexane-1,2'-indan-4-ol methanesul-
fonate{21] having a melting point of 97° to 100° C.

Anal. Calcd. for C;;H,,0; S: C, 60.69; H, 5.99; M.W,
338. Found: C, 60.60; H, 6.58; m/e 338.

Following the procedure of Example 51B but substi-
tuting other 1’-acyloxyspiro(cyclohexane-1,2’-indan)-
4-ones[ 19] and other lower alkylsulfonyl halides, such
as

1. 1'-propionyloxy-5’'-chlorospiro{cyclohexane-1,2'-
indan)-4-one[ 19} and ethanesulfonyl bromide,

2. 1'-butyroyloxy-7’-ethoxyspiro(cyclohexane-1,2'-
indan)-4-one[ 19] and butanesulfonyl chloride, and the
like,
yields respectively. 1. 1’-propionyloxy-5’-chlorospiro(-
cyclohexane-1,2'-indan)-4-ol ethanesulfonate[21],

2.  1'-butyryloxy-7'-ethoxyspiro(cyclohexane-1,2’-
indan)-4-ol butanesulfonate[21], and the like.
Example 52B  1’-Hydroxyspiro(cyclohexane-1,2'-

indan)-4-amine[I(b)]; also named 4-aminospiro(cy-

clohexane-1,2’-indan)-1'-ol[I{(b)]

A mixture of 5 g. (0.015 M) of 1'-acetoxyspiro(cy-
clohexane-1,2'-indan)-4-ol methanesulfonate[21] (ob-
tained as in Example 51B) and 5 g. of sodium azide in
50 ml. of dimethylformamide is stirred for about 17
hours in an oil bath at about 90° C. The solvent is then
removed under vacuum and the residue dissolved in
benzene and water. The organic layer is washed with
water and brine and then evaporated to dryness to give
1’-acetoxyspiro(cyclohexane-1,2'-indan)-4-
ylazide{22].

A solution of the crude azide[22] in 80 ml. of tetra-
hydrofuran is added to 1.2 g. of lithium aluminum hy-
dride in 20 ml. of tetrahydrofuran. After about 4.5
hours of stirring at room temperature the mixture is
cooled in ice and treated successively with 1.2 ml. of
water, 1.2 ml. of 15% aqueous sodium hydroxide solu-
tion and 3.0 ml. of water. The inorganic gel is collected
on a filter and the filtrate evaporated to dryness. The
residue is recrystallized from a small amount of ethyl
acetate to give 1.71 g. (53% of theoretical yield) of
1’-hydroxyspiro(cyclohexane-1,2'-indan)-4-
amine[I(b)], melting at 156° to 160° C. the analytical
sample melts at 158° to 161° C.

Anal. Calcd. for C,,H,,NO: C, 77.38; H, 8.81; N,
6.43.Found: C, 76.98; H, 8.79; N, 6.41.

Extracting the thus obtained free base form of the
compound with ether and treating the extract with the
an ethereal solution of a suitable acid (e.g., hydrochlo-
ric), gives the corresponding acid addition salt form of
1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-
amine[I(b)]. w

Following the procedure of Example 52B but substi-
tuting other 1'-acyloxyspiro(cyclohexane-1,2'-indan)-
4-ol lower alkylsulfonates{21] as starting materials,
such as
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1. 1’-acetoxy-4'-ethylspiro(cyclohexane-1,2’-indan)-
4-ol propanesulfonate[21],

2. 1'-propionyloxy-5'-fluorospiro(cyclohexane-1,2'-
indan)-4-ol ethanesulfonate[21], and the like,
yields, respectively,

1. 1"-hydroxy-4'-ethylspiro(cyclohexane-1,2'-
indan)-4-amine[I{(b)],

2. 1’-hydroxy-5'-fluorospiro(cyclohexane-1,2’-
indan)-4-amine[1(b)], and the like.

Example 53B 4'-Fluoro-4-[ [ 1'-hydroxyspiro[cyclohex-
ane-1,2'-indan]-4-yl]Jamino]butyrophenone hydro-
chloride[I(b)]

A mixture of 1.71 g. (0.0079 M) of 1’-hydroxyspiro(-
cyclohexane-1,2'-indan)-4-amine[I(b)] (prepared in
Example 51B), 1.58 g. of potassium iodide, 4.25 g. of
potassium carbonate and 2.28 g. of the 2,2-dimethyl-
1,3-propanediol of 4-chloro-p-fluorobutyrophenone in
40 ml. of dimethylformamide is stirred for about 17
hours in an oil bath at about 90° C. The solvent is then
removed under vacuum and the residue partitioned
between water and benzene. The organic layer is
washed with water and brine and evaporated to dry-
ness. A mixture of the residue and 7.5 ml. of 2.5 N
hydrochloric acid in 15 ml. of methanol is stirred at
room temperature for about 4 hours. Most of the meth-
anol is removed under vacuum and the precipitated
solid collected on a filter. This material is recrystallized
to give 1.03 g. (33% yield) of 4'-fluoro-4-[[ 1 '-hydrox-
yspiro[cyclohexane-1,2'-indan]-4-ylJamino]-
butyrophenone hydrochloride [I(b)], having a melting
point of 190° to 193° C.

Anal. Calcd. for C,H,yCIFNO,: C, 68.97; H, 6.99 N,
3.35. Found: C, 69.37; H, 7.77 N, 3.11.

Following the procedure of Example 53B but substi-
tuting the same and other (a) 1’-hydroxyspiro{cy-
clohexane-1,2'-indan)-4-amines{I(b)] and (b) the 2,2-
dimethyl-1,3-propanediol ketals of w-haloalkanaryl
ketones in stoichiometrically appropriate amounts as
starting materials, such as

1. 1’-hydroxyspiro(cyclohexane-1,2"-indan)-4-
amine{I(b)] and the 2,2-dimethyl-1,3-propanediol
ketal of 2-bromo-4-ethylpropiophenone,

2. 1'-hydroxy-7'-fluorospiro(cyclohexane-1,2'-
indan)-4-amine[I(b)] and the 2,2-dimethyl-1,3-
propanediol ketal of 3’,4-dichlorobutyrophenone,

3. 1'-hydroxy -6'-ethoxyspiro(cyclohexane-1,2'-
indan)-4-amine{I(b)] and the 2,2-dimethyl-1,3-
propanediol ketal of 4-chloro-3-ethoxybutyrophenone,
and the like,
yields, respectively,

1. 4'-ethyl-3-[[!'-hydroxyspiro{cyclohexane-1,2"-
indan]-4-ylJamino]propiophenone hydro-
chloride[I(b)], 2. 3'-chloro-4-[{7'-fluoro-1’-hydroxys-
piro[cyclohexane-1,2'-indan]-4-ylJamino Jbutyrophe-
none hydrochloride[I(b)],

3. 3'-etoxy-4-[[6'-ethoxy-1'"-hydroxyspiro[ cyclohex-
ane-1,2'-indan]-4-ylJamino ]butyrophenone hydro-
chloride[I(b)], and the like.

Example 54B Ethyl 1’-hydroxyspiro(cyclohexene-1,2'-
indan)-4-carbamate[I(b)]

A suspension of 3.5 g. of 1'-hydroxyspiro(cyclohex-
ane-1,2’-indan)-4-amine  hydrochloride[I(b)] (ob-
tained as in the paragraph immediately following Ex-
ample 52B) in 65 ml. of methylene chloride is shaken
with 50 ml. of N sodium hydroxide solution until the
solid is completely dissolved. The organic layer is sepa-
rated and evaporated to dryness. To an ice cooled
solution of the residue in 25 ml. of pyridine, 2 ml. of
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ethyl chlorofornate is added dropwise. After about 5§

hours in the cold the mixture is poured into ice and

water. The precipitated solid is recrystallized from

Skellysolve B to give ethyl 1’-hydroxyspiro(cyclohex-

ane-1,2'-indan)-4-carbamate [[(b)].

Example 55B 1’-Hydroxyspiro(cyclohexane-1,2'-
indan)-4-methylamine hydrochloride[I(b)]

A solution of 3 g. of ethy! 1'-hydroxyspiro(cyclohex-
ane-1,2'-indan)-4-carbamate[I(b)] (prepared as in
Example 54B) in 50 ml. of tetrahydrofuran, is added to
a well stirred suspension of 0.5 g. of lithium aluminum
hydride in 25 ml. of tetrahydrofuran. The mixture is
heated at reflux for about 6 hours and then cooled in
ice. There is added successively 0.5 ml. of water, 0.5
ml. of 15% aqueous sodium hydroxide solution and 1.5
mi. of water. The inorganic gel is separated by filtration
and the filtrate evaporated to dryness. An ether solu-
tion of the residue is treated with 6 N hydrochloric acid
to give 1'-hydroxyspiro(cyclohexane-1,2'-indan)-4-
methylamine hydrochloride [I(b)}].

Example 56B 1-[1'-Hydroxyspiro(cyclohexane-1,2’-
indan )-4-yl]piperidine hydrochloride {I(b)]
Following the procedure of Example 36B but substi-

tuting a stoichiometrically appropriate amount of 1'-

hydroxyspiro(cyclohexane-1,2’-indan)-4-amine hydro-

chloride[I(b)] (prepared as in the first paragraph fol-

lowing Example 52B) as starting material, yields 1-[1’-

hydroxyspiro(cyclohexane-1,2’-indan)-4-yl]piperidine

hydrochloride[I(b)].

Following the procedure of Example 56B but substi-
tuting other 1’-hydroxyspiro(cyclohexane-1,2'-indan)-
4-amine acid addition salts[I(b)] and other dihaloal-
kanes in stoichiometrically appropriate amounts as
starting materials, such as

1. 5’-chloro-1’-hydroxyspiro(cyclohexane-1,2'-
indan)-4-amine hydrochloride[I(b)] and 1,6-dii-
odohexane,

2. 1’-hydroxy-4'-propoxyspiro(cyciohexane-1,2'-
indan)-4-amine  hydrochloride{1(b)] and 1,4-
dibromobutane, and the like,
yields, respectively,

1. 1-[5'-chloro-1'-hydroxyspiro{cyclohexane-1,2’-
indan)-4-yl Jhexamethyleneimine hydrochloride[I(b)],

2. 1-{1’-hydroxy-4’-propoxyspiro{cyclohexane-1,2'-
indan)-4-yl]pyrrolidine hydrochloride{I(b)], and the
like.

Example 57B 4'-fluoro-4-[ methyl{ 1 '-hydroxyspiro{cy-
clohexane-1,2’-indan]-4-ylJamino Jbutyrophenone
hydrochloride[I(b)]

Following the procedure of Examples 46B through
48B but substituting a stoichiometrically appropriate
amount of 1'-hydroxyspiro(cyclohexane-1,2’-indan)-4-
methylamine hydrochloride[I(b)] (prepared as in Ex-
ample 55B) as starting material, yields 4'-fluoro-4-[me-
thyl[ 1’-hydroxyspiro[cyclohexane-1,2'-indan]-4-
yl]amino]butyrophenone hydrochloride[1(b)].

Following the procedure of Example 57B but substi-
tuting other 1’'-hydroxyspiro(cyclohexane-1,2'-indan)-
4-lower alkylamines{I(b)] and the 2,2-dimethyl-1,3-
propanediol ketals of {-haloalkanaryl ketones in stoi-
chiometrically appropriate amounts as starting materi-
als, such as

4'-ethoxy- 1"-hydroxyspiro(cyclohexane-1,2'-indan)-
4-propylamine hydrochloride[I(b)] and the 2,2-
dimethyl-1,3-propanediol ketal of 4-chloro-3'-ethyl-
butyrophenone, yields,
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3'-ethyl-4-[ propyl[4'-ethoxy-1'-hydroxyspiro[cy-
clohexane-1,2'-indan}-4-yl Jamino]butyrophenone hy-
drochloride[I(b)].

Example 58B 1’-Chlorospiro(cyclohexane-1,2'-indan)-
4-one ethylene ketal[23]

A solution of 6.5 g. (0.025 M) of 1’'-hydroxyspiro(cy-
clohexane-1,2'-indan)-4-one ethylene ketal[17] (pre-
pared as in Example 49B) in 86 ml. of tetrahydrofuran
is cooled in ice: methanol. To this there is added drop-
wise 15.6 m. of 1.64 N butyl lithium in pentane, and
after about 5 minutes, 2.04 ml. (3.03 g.) of methane
sulfony! chloride in 43 ml. of tetrahydrofuran. After
standing for about 4 hours in the cold, the solvent is
removed under vacuum. The residue is treated with
ether and the inorganic solid collected on a filter. The
filtrate is evaporated to dryness and the residue recrys-
tallized from petroleum ether to give 6.06 g. (87%) of
1’-chlorospiro(cyclohexane-1,2'-indan)-4-one  ethyl-
ene ketal[23], having a melting point of 103.5° to 108°
C.

Anal. Calcd. for CygHClO,: Caled. MW, 278.
Found: m/fe 278.

Following the procedure of Example 58B but substi-
tuting other 1’-hydroxyspiro(cyclohexane-1,2'-indan)-
4-one ethylene ketals and other lower alkyl sulfonyl
halides, such as

1. 1'-hydroxy-4'-chlorospiro(cyclohexane-1,2’-
indan)-4-one ethylene ketal[17] and ethane sulfonyl
bromide,

2. 1’-hydroxy-6’-propoxyspiro(cyclochexane-1,2’'-
indan)-4-one ethylene ketal[17] and ethane sulfonyl
chloride, and the like,
yields, respectively,

1’-bromo-4’-chlorospiro(cyclohexane-1,2'-
indan)-4-one ethylene ketal[23], :

2. 1’-chloro-6’-propoxyspiro(cyclohexane-1,2'-
indan)-4-one ethylene ketal[23], and the like.
Example 59B 1'-Aminospiro(cyclohexane-1,2'-indan)-

4-one ethylene ketal[24]

A mixture of 3.5 g. (0.013 M) of 1'-chlorospiro(cy-
clohexane-1,2'-indan)-4-one ethylene ketal[23] (pre-
pared as in Example 58B) and 3.5 g. of sodium azide in
dimethylformarnide is stirred in an oil bath at about 90°
C. for about 17 hours. The solvent is removed under
vacuum and the solid dissolved in benzene and water.
The organic layer is washed with water and brine and
evaporated to dryness. A solution of the residue in 60
ml. of tetrahydrofuran is added to 0.5 g. of lithium
aluminum hydride in 10 ml. of tetrahydrofuran. After
standing for about 4.5 hours the mixture is cooled in ice
and treated successively with 0.5 ml. of water, 0.5 ml.
of 15% aqueous sodium hydroxide solution and 1.5 ml.
of water. The inorganic gel is collected on a filter and
the filtrate evaporated to dryness. The residual gum is
dissolved in ether and treated with 5 N hydrochloric
acid in ether, to give 2.42 g. (81% yield) of 1'-aminos-
piro(cyclohexane-1,2'-indan)-4-one  ethylene  ke-
tal{24], having a melting point of 224° to 227° C.

Anal. Calcd. for C,;H,,CINO,: M.W. 259 Found: m/e
259.

Following the procedure of Example 59B but substi-
tuting other 1'-halospiro(cyclohexane-1,2'-indan)-
4.one ethylene ketals[23] as starting materials, such as

1. 1'-bromo-5’-flucrospiro(cyclohexane-1,2"-indan)-
4.one ethylene ketal[23],

2. 1'-nitrospiro(cyclohexane-1,2’-indan)-4-one eth-
ylene ketal{23], and the like,
yields, respectively,
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1. 1’-amino-5’-fluorospiro(cyclohexane-1,2'-indan)-
4-one ethylene ketal{24],

2. 1'-amino-6’-nitrospiro(cyclohexane-1,2'-indan)-
4-one ethylene ketal[24], and the like.

Example 60B 1’-acetamidospiro(cyclohexane-1,2'-
indan)-4-one[26]

1. A solution of 7 g. of 1’-aminospiro{(cyclohexane-
1,2'-indan)-4-one ethylene ketal[24] (prepared as in
Example 59B) and 30 ml. of acetic anhydride in 60 mi.
of pyridine is allowed to stand at room temperature for
about 5 hours. The mixture is poured into ice: water
and the precipitated gum extracted with ether. The
organic layer is washed successively with water, 2.5 N
hydrochloric acid and brine and evaporated to dryness
to- give 1'-acetamidospiro(cyclohexane-1,2'-indan)-
4-one ethylene ketal{25].

2. The residual 1’-acetamidospiro(cyclohexane-1,2’-
indan)-4-one ethylene ketal(25], obtained in (1),
above, and 10 ml. of 2.5 N hydrochloric acid are dis-
solved in 100 ml. acetone. After about 20 hours at
room temperature most of the solvent is removed
under vacuum. The residue is dissolved in methylene
chloride and water. The organic layer is washed with
water and brine and evaporated to dryness. The resid-
ual gum is chromatographed on a 600 ml. column of
silica gel with elution by 25% acetone in methylene
chloride. The crystalline fractions are eluted with ethyl
acetate: cyclohexane to give 3.81 g. of 1’-acetamidos-
piro(cyclohexane-1,2'-indan)-4-one[ 26], having a
melting point of 113° to 116° C.

Following the procedure of Example 60B but substi-
tuting another 1’-aminospiro(cyclohexane-1,2'-indan)-
4-one ethylene ketal[24] and another anhydride of a
hydrocarbon carboxylic acid, such as

1. 1’-amino-4'-ethylspiro(cyclohexane-1,2'-indan)-
4-one ethylene ketal[24] and propionic anhydride,

2. 1’-amino-6’-propoxyspiro(cyclohexane-1,2'-
indan)-4-one ethylene ketal(24] and isopropionic an-
hydride, and the like,
yields, respectively,

1. 4'-ethyl-1'-propionylamidospiro(cyclohexane-
1,2’-indan)-4-one[26],

2. 1'-isopropionylamido-6'-propoxyspiro(cyclohex-
ane-1,2’'-indan)-4-one[26], and the like.

EXAMPLE 61B 1'-Acetamidospiro(cyclohexane-1,2"-
indan)-4-ols[27]

To 3.81 g. of 1’'-acetamidospiro(cyclohexane-1,2'-
indan)-4-one[26] (prepared in Example 60B) in 100
ml. of isopropanol, 0.6 g. of sodium borohydride is
added. After about 5 hours most of the solvent is re-
moved under vacuum and the residue suspended in
water. The resulting solid is collected on a filter and
recrystallized from aqueous methanol. There is ob-
tained first 0.9 g. (24% yield) of 1’-acetamidospiro(cy-
clohexane-1,2'-indan)-4-ol(isomer A){27], having a
melting point of 247° to 250° C.

Anal. Caled. for C,gH;,NO;: C, 74.16; H, 8.16; N,
5.40. Found: C, 73.70; H, 8.19; N, 5.01.

On standing, there is obtained from the mother li-
quors 1.21 g. (32%) of 1’-acetamidospiro(cyclohex-
ane-1,2'-indan)-4-ol (isomer B)[27], having a melting
point of 184° to 186° C.

Anal. Found: C, 73.91; H, 8.23; N, 5.30.

Following the procedure of Example 61B but substi-
tuting other  1’-acylamidospiro(cyclohexane-1,2’-
indan)-4-ones[26], such as

1. 1’-propionylamidospiro(cyclohexane-1,2'-indan)-
4-one[26],
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2. 1’'-isopropionylamido-5'-propylspiro(cyclohex-
ane-1,2'-indan)-4-one[26], and the like,
yields, respectively,

1. 1'-propionylamidospiro(cyclohexane-1 ,2'-indan)-
4-ols[27],

2. 1'-isopropionylamido-5'-propylspiro(cyclohex-
ane-1,2'-indan)-4-ols[27], and the like.

Example 62B 1’-Acetamidospiro(cyclohexane-1,2'-

indan)-4-ol methanesulfonate (isomer A)[28]

A mixture of 0.9 g. of 1'-acetamidospiro(cyclohex-
ane-1,2'-indan-4-ol (isomer A) {27] (prepared in Ex-
ample 61B) in 20 ml. of pyridine is warmed until all the
solid has dissolved. There is then added 1 ml. of meth-
ane sulfonyl chloride. Following about 4 hours at stand-
ing at room temperature, most of the solvent is re-
moved under vacuum. The residue is then dissolved in
water and methylene chloride, and the organic layer
washed successively with water, 2.5 N hydrochloric
acid, water and brine. The solution is evaporated to
dryness and the residue recrystallized from acetone:
Skellysolve B to give 0.72 g. of 1’-acetamidospiro(cy-
clohexane-1,2'-indan)-4-ol methanesulfonate (isomer
A)[28], having a melting point of 137° to 139° C.

Anal. Caled. for C;H;NOS:C, 60.51; H, 6.87; N,
4.15. Eound: C, 60.10; H, 6.85; N, 4.00.

Example 63B 1’-Acetamidospiro(cyclohexane-1,2’-

indan)-4-ol methanesulfonate (isomer B)[28]

To an ice cold solution of 1.21 g. of 1’-acetamidos-
piro(cyclohexane-1,2'-indan)-4-ol  (isomer B)[27]
(prepared in Example 61B) in 12 ml. of pyridine, 1.2
ml. of methane sulfonyl chloride is added. After about
5 hours in the cold the mixture is poured into ice: wa-
ter. The solid that precipitates is recrystallized from
acetone: Skellysolve B to give 1.21 g. of 1'-acetamidos-
piro(cyclohexane-1,2'-indan-4-0  methanesulfonate
(isomer B)[28], melting at 161° to 163° C.

Anal. Caled. for C,;H,;3sNO,S: C, 60.61; H, 6.87; N,
4.15; M.W. 337. Found: C, 60.40; H, 6.97; N, 4.21;
m/e 337.

Following the procedures of Examples 62B and 63B
but substituting other 1’-acylamidospiro(cyclohexane-
1,2'-indan)-4-0ls[27], such as

1'-propionylamido-5'-propoxyspiro(cyclohexane-
1,2'-indan)-4-ol (isomer A)[27],
yields,

1'-propionylamido-5'-propoxyspiro(cyclohexane-
1,2'-indan)-4-ol methanesulfonate (isomer A)[28].
Example 64B 1'-Acetamidospiro(cyclohexane-1,2'-
indan)-4-amine hydrochloride{I(b)}

Following the procedure of Example 33B but substi-
tuting 1’-acetamidospiro(cyclohexane-1,2"-indan)-4-ol
methanesulfonate[[28) (prepared as in Examples 62B
or 63B) as starting material, yields 1’-acetomidospiro(-
cyclohexane-1,2'-indan }-4-amine hydrochloride{I(b)].

Following the procedure of Example 64B but substi-
tuting other  1’'-acylamidospiro(cyclohexane-1,2’-
indan)-4-ol lower alkylsulfonates[28] as starting mate-
rials, such as

1.  1'-acetamido-4'-ethoxyspiro(cyclohexane-1,2'-
indan)-4-ol ethanesulfonate{28],

2.  1’-isopropionylamido-5'-fluoroespiro(cyclohex-
ane-1,2'-indan)-4-ol propanesulfonate(28], and the
like,
yields, respectively,

1.  1’'-acetamido-4'-ethoxyspiro(cyclohexane-1,2'-
indan)-4-amine hydrochloride[1(b)],

2. 1'-isopropionylamido-5'-fluorospiro(cyclohexane-
1,2'-indan)-4-amine hydrochloride[I(b)], and the like.



4,010,201

83

Example 65B 1'-Acetamido-1-[spiro(cyclohexane-

1,2'-indan)-4-yl]piperidine hydrochloride{1(b)]

Following the procedure of Example 36B but substi-
tuting 1’-acetamidospiro{cyclohexane-1,2'-indan)-4-
amine hydrochloride[I(b)] (prepared as in Example
64B) as starting material, yields 1'-acetamido-1-
[spiro{cyclohexane-1,2’'-indan)-4-yl]piperidine hydro-
chloride[I(b)].

Following the procedure of Example 65B but substi-
tuting other 1'-acylamidospiro(cyclohexane-1,2'-
indan)-4-amine acid addition salts[[(b)] and other

dihaloalkanes in  stoichiometrically appropriate
amounts as starting materials, such as

1. 1"-acetamido-7' -ethylspiro(cyclohexane-1,2'-
indan)-4-amine  hydrochloride{I(b)] and 1,4-

dibromobutane,

2. 5'-amino-1’-propionylamidospiro(cyclohexane-
1,2'-indan)-4-amine hydrochloride[I(b)] and 1,5-dii-
odopentane, and the like,
yields, respectively,

1. 1’-acetamido-1-[ 7"-ethylspiro(cyclohexane-1,2'-
indan)-4-yljpyrrolidine hydrochloride[I(b)],

2. 1-[5'-amino-1"-propionylamidospiro(cyclohex-
ane-1,2'-indan)-4-yl]piperidine hydrochloride[I(b)],
and the like.

Example 66B 4'-fluoro-4-[[1'-acetamidospiro[cy-
clohexane1,2’-indan]-4-yl Jamino Jbutyrophenone
hydrochloride{I{b)]

Following the procedure of Example 37B but substi-
tuting  1’'-acetamidospiro(cyclohexane-1,2'-indan)-4-
amine hydrochloride[I(b)] (prepared as in Example
64B) as starting material, yields 4'-fluoro-4-[[1'-
acetamidospiro[ cyclohexane-1,2'-indan)}-4-
yl]amino ]butyrophenone hydrochloride[I I(b)].

Following the procedure of Example 66B but substi-
tuting acid addition salts of other 1’-acylamidospiro(-
cyclohexane-1,2’-indan)-4-amines[I(b)] and other w-
haloalkanaryl ketones in stoichiometrically appropriate
amounts, such as

1. 4'-chloro-1'-propionylamidospiro(cyclohexane-
1,2’-indan)-4-amine hydrochloride[I(b)] and the 2,2-
dimethyl-1,3-propanediol ketal of 3-chloro-4’-methyl
propiophenone,

2. 5'-ethyl-1'-isopropionylamidospiro(cyclohexane-
1,2'-indan)-4-amine hydrochloride[I(b)] and the 2,2-
dimethyl1,3-propanediol ketal of 4-chloro-3'-ethox-
ybutyrophenone, and the like,
yields, respectively,

1. 4'-methyl-3-[[4'-chloro-1'-propionylamidospiro[ -
cyclohexane-1,2'-indan]-4-ylJamino Jpropiophenone
hydrochloride[1(b)],

2. 3'-ethoxy-4-[[5'-ethyl-1’-isopropionylamidospirof
cyclohexane-1,2'indan}-4-ylJamino]butyrophenone
hydrochloride(l(b)], and the like.

Example 67B Ethyl 1'-acetamidospiro(cyclohexane-
1,2'-indan )-4-carbamate[1(b)]

Following the procedures of Example 40B through
42B but substituting 1’-acetamidospiro{cyclohexane-
1,2'-indan)-4-amine hydrochloride[I(b})] (prepared as
in Example 64B) as starting material, yields ethyl 1'-
acetamidospiro(cyclohexane-1,2'-indan)-4-car-
bamate[I(b)].

Following the procedure of Example 67B but substi-
tuting acid addition salts of other 1'-acylamidospiro(-
cyclohexane-1,2'-indan)-4-amines and other lower
alkyl haloformates as starting materials, such as
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1. 5'-bromo-1’-propionylamidospiro(cyclohexane-
1,2'-indan)-4-amine hydrochloride[[I(b)] and propyl
chloroformate,

2. 4’-amino-1'-isopropionylamidospiro(cyclohexane-
1,2'indan)-4-amine hydrochloride{I(b)] and butyl
chloroformate, and the like,
yields, respectively,

1.  propyl 5’-bromo-1'-propionylamidospiro(cy-
clohexane-1,2’-indan)-4-carbamate[1(b)],

2. butyl 4’-amino-1'-isopropionylamidospiro(cy-
clohexane-1,2’-indan)-4-carbamate{I(b)], and the
like.

Example 68B 1’'-Acetamidospiro(cyclohexane-1,2’-
indan)-4-methylamine hydrochloride[I(b)]
Following the procedure of Example 43B but substi-

tuting  ethyl 1'-acetamidospiro(cyclohexane-1,2'-
indan)-4-carbamate [I(b)] (prepared as in Example
67B) as starting materials, yields 1’-acetamidospiro(cy-
clohexane-1,2’-indan}-4-methylamine hydro-
chloride{I(b)].

Following the procedure of Example 68B but substi-
tuting other lower alkyl 1'-acylamidospiro(cyclohex-
ane-1,2'-indan)-4-carbamates[I(b)] as starting materi-
als, such as

1. propyl 4'-chloro-1'-propionylamidospiro)cy-
clohexane-1,2'-indan)-4-carbamate{I(b)],

2. butyl 5’-ethylamino-1’-isopropionylamidospiro(-
cyclohexane-1,2'-indan)-4-carbamate[I(b)], and the
like,
yields, respectively,

1. 4'-chloro-1'-propionylamidospiro{cyclohexanel ,-
2'-indan )-4-methylamine hydrochloride[I(b)],

2. 5’-ethylamino-1’-isopropionylamidospiro(cy-
clohexane-1,2’-indan)-4-methylamine hydro-
chloride{I(b)], and the like.

Example 69B 4'-fluoro-4[methyl| 1'-acetamidospiro|-
cyclohexane-1,2’-indan ]-4-yl Jamino Jbutyrophenone
hydrochloride[I(b)]

Following the procedure of Example 46B but substi-
tuting 1'-acetamidospiro(cyclohexane-1,2'-indan)-4-
methylamine hydrochloride[I(b)] (prepared as in Ex-
ample 68B) as starting material, yields 4’-fluoro-4[ me-
thyl[ 1’-acetamidospiro[ cyclohexane-1,2'-indan]-4-
yl]amino Jbutyrophenone hydrochloride[I(b)].

Following the procedure of Example 69B but substi-
tuting acid addition salts of other 1’-acylamidospiro[-
cyclohexane-1,2'-indan)-4-lower  alkylamines[1(b)]
and the 2,2-dimethyl-1,3-propanediol ketals of other
w-haloalkanaryl! ketones in stoichiometrically appropri-
ate amounts as starting materials, such as

1. 6'-ethoxy-1’-propionylamidospiro(cyclohexane-
1,2'-indan )-4-methylamine hydrochloride[1(b)}]
(b)]and the 2,2-dimethyl-1,3-propanediol ketal of 3'-
bromo-3-chloropropiophenone,

2. 5'-amino-1'-isopropionylamidospiro(cyclohexane-
1,2'-indan)-4-methylamine hydrochloride[I(b)] and
the 2,2-dimethyl-1,3-propanediol ketal of 5-chloro-2'-
propoxyvalerophenone, and the like,
ylelds, respecnvely,

3'-bromo-3-[methyl[ 6'-ethoxy-1'-pro-
plonylamldosplro[cyclohexane-1 ,2'-indan]-4-

yl ]ammo ]proplophenone hydrochloride[1(b)],

2. 2'-propoxy-5-[ methyl[ 5’'-amino-1'-isopro-
pionylamidosprio[cyclohexane-1,2'-indan]-4-
ylJamino Jvalerophenone hydrochloride{I(b)], and the
like.

Example 70B 5'-Nitrospiro(cyclohexane-1,2'-indan)-
4-one[29]
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To an ice cooled solution of 9.04 g. (0.045 M) of
spiro(cyclohexane-1,2’-indan)-4-one[ 11] [prepared as
in (a) of Example 24B] in 45 ml, of trifluoroacetic acid,
9 ml. of nitric acid is added. After reaction in the cold
for about 2 hours, the solution is poured onto ice: wa-
ter. The precipitated solid is chromatographed on 1 1.
of silica gel and eluted with 25% acetore: Skellysolve B.
The crystalline fractions obtained are combined and
recrystallized from acetone: Skellysolve B to give 7.23
g (65% yield) of 5’-nitrospiro(cyclohexane-1,2’-
indan)-4-one[29] having a melting point of 124° to
128° C. The analytical sample melted at 126° to 127.5°
C. .

Anal. Calcd. for C,,HzNO,: C, 68.55; H, 6.16; N,
5.71. Found: C, 68.38; H, 6.24; N, 5.95.

Example 71B 5'-Acetamidospiro(cyclohexane-1,2'-
indan-4-one[31]

1. A suspension of 0.5 g. of palladium on carbon
catalyst in a solution of 7.89 g. (0.32 M) of 5’-nitros-
piro)cyclohexane-1,2’-indan)-4-one{29] (obtained as
in Example 70B) in 150 ml. of ethyl acetate is shaken
under hydrogen. After about 3 hours of shaking an
additional 0.5 g. of the same catalyst is added and shak-
ing continued. When the theoretical uptake of hydro-
gen is observed, the catalyst is removed by filtration
and a solution of 6.1 g. of p-toluenesulfonic acid in a
small volume of methanol is added. The solvent is re-
moved under vacuum and recrystallization from meth-
anol: acetone attempted, but the occurrence, on stand-
ing in the cold for about 65 hours, of extensive decom-
position, is apparent. The material is converted to the
free base, 5’-aminospiro(cyclohexane-1,2’-indan)-4-
one[30].

2. A solution of the product [30], obtained in (1),
above, in 40 ml. of pyridine is treated with 10 ml. of
acetic anhydride. After about $ hours. the mixture is
poured onto ice: water and the resulting precipitate
extracted with methylene. chloride. This solution is
washed successively with water, 2.5 N hydrochloric
acid, water and brine and then evaporated to dryness.
The residue is chromatographed on a column of 700
ml. of silica and eluted with 25% acetone: methylene
chloride. The crystalline fractions are combined and
recrystallized from methanol to give 3.15 g. (38%) of
5’-acetamidospiro(cyclohexane-1,2'-indan)-4
-one[31], melting at 169° to 171° C.

Anal. Caled. for C,gHyNO,: C, 74.68; H, 7.44; N,
5.44; M.W. 257. Found: C, 74.36; H, 7.54; N, 5.48;
m/fe 257. !

Following the procedure of Example 71B but substi-
tuting other 5'-nitrospiro(cyclohexane-1,2'-indan)-4-
one[29] and other anhydrides of hydrocarbon carbox-
ylic acids as starting materials, such as

6'-ethoxy-5’-nitrospiro(cyclohexane-1,2’-indan)-4-
one[29] and propionic anhydride, yields,

6'-ethoxy-5'-propionamidospiro(cyclohexane-1,2’-
indan)-4-one[31].
Example 72B 5'-Acetamidospiro(cyclohexane-1,2'-
indan)-4-ol methanesulfonate[33)

1. To 3.15 g. (0.012 M) of 5'-acetamidospiro(cy-
clohexane-1,2'-indan)-4-one[31] (obtained in Exam-
ple 71B dissolved in 50 ml. of 95% isopropanol with
warming on a steam bath, 0.5 g. of sodium borohydride
is added. After about 4 hours of standing at room tem-
perature, the solvent is removed under vacuum. The
residue is dissolved in methylene chloride and water.
The organic layer is washed with water and brine and
then evaporated to dryness to give 3.03 g of 5'-
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acetamidospiro(cyclohexane-1,2'-indan-4-0l[ 32], hav-
ing a melting point of 148° to 152° C.

2. A solution of the product [32], obtained in (1),
above, in 30 ml. of pyridine is cooled in ice and 3 ml.
methanesulfonyl chloride added. After about 5 hours in
the cold, the mixture is poured onto ice: water and
extracted with methylene chloride. The solution is
washed successively with water, 2.5 N hydrochloric
acid, water and brine and evaporated to dryness. The
residue is chromatographed on a column of 300 ml. of
Florisil and eluted with 25% acetone: Skellysolve B.
The crystalline fractions are combined and recrystal-
lized from ethyl acetate: cyclohexane. There is ob-
tained 1 g. (25%) of 5'-acetamidospiro)cyclohexane-
1,2'-indan)-4-ol methanesulfonate[33] having a melt-
ing point of 145° to 147° C,, and a second crop of 0.2
g- (5%) melting at 143° to 145° C.

Anal. Calcd. for C;H;NO,S: 60.51; H, 6.87; N,
4.15. Found: C, 60.52; H, 7.00; N, 4.10.

Following the procedure of Example 72B but substi-
tuting other  5'-acylamidospiro(cyclohexane-1,2'-
indan)-4-ones{31], such as

4’-fluoro-5'-propionamidospiro(cyclohexane-1,2’-
indan)-4-one[31],
yields,

4'-fluoro-5'-propionamidospiro(cyclohexane-1,2’-
indan)-4-ol methanesulfonate[33].
Example 73B 5'-Acetamidospiro(cyclohexane-1,2'-
indan)-4-amine hydrochloride{l(b)]

1. A mixture of 1.2 g. (0.0036 M) of 5'-acetamidos-
piro(cyclohexane-1,2"-indan )-4-ol methanesul-
fonate[33] (obtained in Example 72B) and 1.2 g. of
sodium azide in 10 ml. of dimethylformamide is stirred
for about 20 hours in an oil bath at about 90° C. The
solvent is then removed under vacuum and the residue
partitioned between water and benzene. The organic
layer is washed with water and brine and then evapo-
rated to dryness to give 5’-acetamidospiro(cyclohex-
ane-1,2’-indan)-4-ylazide[34].

2. A solution of the residue {34], obtained in (1),
above, in 150 ml. of ethyl acetate is shaken under hy-
drogen in the presence of 0.15 g. of 10% palladium on
carbon catalyst. The catalyst is collected on a filter and
the filtrate evaporated to dryness. The residue is dis-
solved in methanol and treated with 6 N hydrochloric
acid in ether. This solution is evaporated to dryness and
recrystallized froin methanol: ethyl acetate, to give
0.67 g. (63% yield) of 5'-acetamidospiro(cyclohexane-
1,2'-indan)-4-amine hydrochloride[I(b)], also named
N-[4-aminospiro[ cyclohexane-1,2’-indan]-5'-yl]aceta-
mide hydrochloride, melting at 270° to 275° C. (with
decomposition).

Anal. Calcd. for C,gH,;CIN;0.%2H,0: C, 63.24; H,
7.96; N, 9.22; M.W. (free base) 258. Found: C, 62,80;
H, B.04; N, 8.72; m/e 258.

Following the procedure of Example 73B but substi-
tuting other 5'-acylamidospiro(cyclohexane-1,2'-
indan)-4-ol methanesulfonates[33] as starting materi-
als, such as

1. 6'-ethyl-5'-propionamidospiro(cyclohexane-1,2’-
indan)-4-ol methanesulfonate{33],

2. 7'-bromo-5'-isopropionamidospiro(cyclohexane-
1,2’-indan)-4-ol methanesulfonate[33], and the like,
yields, respectively,

1. 6’-ethyl-5'-propionamidospiro(cyclohexane-1,2’-
indan)-4-amine hydrochloride[I(b)],

2. 7'-bromo-5'-isopropionamidospiro(cyclohexane-
1,2'-indan)-4-amine hydrochloride[1(b)], and the like.
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Example 74B 5’-Acetamido-1-[spiro(cyclohexane-
1,2'-indan)-4-yl]piperidine hydrochloride[I(b)]
Following the procedure of Example 36B but substi-

tuting 5’-acetamidospiro(cyclohexane-1,2’-indan)-4-

amine hydrochloride[I{b)] (prepared as in Example
73B) as starting material, yields 5’-acetamido-1-

[spiro(cyclohexane-1,2’-indan )-4-yl ]piperidine hydro-

chloride[I(b)].

Following the procedure of Example 74B but substi-
tuting other 5'-acylamido(cyclohexane-1,2'-indan)-4-
amine acid addition salts [I(b)] and other dihaloal-
kanes in stoichiometrically appropriate amounts as
starting materials, such as

5’-acetamido-7’-ethoxyspiro(cyclohexane-1,2’-
indan)-4-amine hydrochloride[I(b)] and 1,4-diiodobu-
tane, and the like,

yields,
5’-acetamido-1-[ 7' -ethoxyspiro(cyclohexane-1,2’-

indan)-4-yl]pyrrolidine hydrochloride[I(b)], and the

like.

Example 75B 4’-Fluoro-4-[[5'-acetamidospiro[cy-
clohexane-1,2'-indan]-4-yl Jamino ]butyrophenone
hydrochloride[I(b)]

Following the procedure of Example 37B but substi-
tuting  5’-acetamidospiro(cyclohexane-1,2'-indan)-4-
amine hydrochloride[I(b)] (prepared as in Example
73B) as starting material, yields 4'-fluoro-4-[{5'-
acetamidospiro[cyclohexane-1,2'-indan]-4-yl Jamino]-
butyrophenone hydrochloride[I(b)].

Following the procedure of Example 75B but substi-
tuting acid addition salts of other 5’-acylamidospiro(-
cyclohexane-1,2’-indan)-4-amines[I(b)] and other w-
haloalkanaryl ketones in stoichiometrically appropriate
amounts, such as’

6’-ethyl-5’-isopropionylamidospiro(cyclohexane-

1,2'-indan)-4-amine hydrochloride[I(b)] and the 2,2-

dimethyl-1,3-propanediol ketal of 4-chloro-3’-ethox-

ybutyrophenone,

yields,
3’-ethoxy-4-[ [ 6'-ethyl-5’-isopropionylamidospiro-

[cyclohexane-1,2’-indan ]-4-yl Jamino]butyrophenone

hydrochloride[1(b)].

Example 76B Ethyl 5’-acetamidospiro(cyclohexane-
1,2’-indan)-4-carbamate{I(b)}]

Following the procedure of Example 40B but substi-
tuting 5’-acetamidospiro(cyclohexane-1,2'-indan)-4-
amine hydrochloride[I(b)] (prepared as in Example
73B) as starting material, yields ethyl 5’-acetamidos-
piro(cyclohexane-1,2'-indan)-4-carbamate[I(b)}].

Following the procedure of Example 76B but substi-
tuting acid addition salts of other 5'-acylamidospiro(-
cyclohexane-1,2'-indan)-4-amines and other lower
alkyl haloformates as starting materials, such as

4'-propyl-5'-propionylamidospiro(cyclohexane-1,2’-
indan)-4-amine hydrochloride[I(b)] and propyl chlo-
roformate,

yields,
propyl 4’-propyl-5'-propionylamidospiro(cyclohex-

ane-1,2'-indan)-4-carbamate{1(b)].

Example 77B 5’-Acetamidospiro(cyclohexane-1,2’-
indan)-4-methylamine hydrochloride{I(b)]
Following the procedure of Example 43B but substi-

tuting ethyl 5'-acetamidospiro(cyciohexane-1,2'-

indan)-4-carbamate [I(b)] (prepared as in Example
76B) as starting material, gives 5’-acetamidospiro(cy-
clohexane-1,2'-indan)-4-methylamine  hydrochloride

{1(b)].
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Following the procedure of Example 77B but substi-
tuting other lower alkyl 5’'-acylamidospiro(cyclohex-
ane-1,2’-indan)-4-carbamates [I(b)] as starting materi-
als, such as

butyl
clohexane-1,2’'-indan)-4-carbamate[I(b)],
like,
yields,

7'-ethoxy-5’'-isopropionylamidospiro(cyclohexane-
1,2’-indan)-4-propylamine hydrochloride [I(b)], and
the like.
Example 78B 4'-Fluoro-4-[methyl[5’-acetamidos-
" piro[cyclohexane-1,2’-indan]-4-ylJamino]-
butyrophenone hydrochloride[I(b)}]

Following the procedure of Example 46B but substi-
tuting  5'-acetamidospiro(cyclohexane-1,2'-indan)-4-
methylamine hydrochloride[I(b)] (prepared as in Ex-
ample 77B) as starting material, yields 4'-fluoro-4-[me-
thyl[ 5'-acetamidospiro[ cyclohexane-1,2’-indan]-4-
ylJamino Jbutyrophenone hydrochloride[I(b)].
Example 79B 4-Hydroxy-a-methylspiro(cyclohexane-

1,2’'-indan)-4-acetic acid[36]

1. A chip of iodine is added to a well stirred mixture
of 5.87 g. (0.029 M) of spiro(cyclohexane-1,2'-indan)-
4-one [11] [prepared as in (1) of Example 24B], 6 g. of
the known compound methyl a-bromopropionate and
4 g. of zinc wool, and the reaction started by heating
the mixture of reflux. After about 6 hours the mixture
is allowed to cool, the excess metal separated on a
filter, and the filtrate washed successively with 2.5 N
hydrochloric acid, water and brine and then evapo-
rated to dryness. The residue is chromatographed on a
column of 800 ml. of silica gel and eluted with 5%
acetone: Skellysolve B. The fractions similar by thin
layer chromatography are combined to give 4-hydroxy-
a-methylspiro(cyclohexane-1,2'-indan)-4-acetate[35]
as an oil.

2. A mixture of the oily ester [35], obtained in (1),
above, 10 ml. of 50% aqueous sodium hydroxide solu-
tion and 10 ml. of water in 100 mil. of methanol, is
stirred with heating at reflux for about 17 hours. The
solvent is then removed under vacuum. A suspension of
the residue in water and ether is made strongly acidic,
the organic layer washed with brine and water and then
evaporated to dryness. The residual solid is recrystal-
lized from ether: Skellysolve B to give 3.98 g. (50%) of
4-hydroxy-a-methylspiro(cyclohexane-1,2’-indan)-4-
acetic acid-[36], melting at 111°to 114° C.

Anal. Calcd. for C;;H,,O5: C, 74.48; H, 8.30. Found:
C, 74.42; H, 8.08.

Example 80B Spiro(cyclohexane-1,2'-indan)-A% -
acetic acid{38]

1. To 4.02 g. of triethylphosphono acetate in 50 ml.
of tetrahydrofuran, 0.84 g. of 56% sodium hydride (in
mineral oil) is added. After about 10 minutes, 3.59 g.
(0.018° M) of spiro(cyclohexane-1,2'-indan)-4-
one[11] [prepared as in (1) of Example 24B] in 50 mL
of tetrahydrofuran, is added. The mixture is heated at
reflux for about 3 hours and allowed to cool. After
standing at room temperature for about 17 hours, 100
ml. of 2.5 N hydrochloride acid is added. The organic
layer is separated, washed with water and brine and
evaporated to dryness to give spiro(cyclohexane-1,2"-
indan)-A* -acetate[37].

2. A mixture of the residual gum [37], obtained in
(1), above, 6 ml. of 50% aqueous sodium hydroxide
solution and 10 ml. of water in 100 ml. of methanol is
heated at reflux for about 5 hours. The methanol is

7'-ethoxy-5’-isopropionylamidospiro(cy-
and the
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then removed under vacuum, the resulting residue
diluted with water and acidified, and the precipitate
that forms extracted with ether. The organic layer is
washed with water and brine and evaporated to dry-
ness. The residue is recrystallized twice from acetone:
Skellysolve B to give 2.67 g. (61% yield) of spiro(cy-
clohexane-1,2'-indan)-A*  -acetic acid{38], melting
at 119° to 121° C.

Anal. Calcd. for C,3H,;0,: C, 79.31; H, 7.49. Found:
C, 79.38; H, 7.70.

Example 81B Spiro(cyclohexane-1,2'-indan)acetic
acid[39]

A mixture of 1.67 g. (0.9969 M) of spiro(cyclohex-
ane-1,2'-indan)-A*  -acetic acid[38] (prepared as in
Example 80B) and 0.15 g. of Adams catalyst is shaken
under hydrogen until the theoretical uptake is observed
(about 25 hours). The catalyst is removed by filtration
and the filtrate evaporated to dryness. The residue is
recrystallized from ether: Skellysolve B to give 1.48 g.
(88%) of spiro{cyclohexane-1,2’-indan)acetic
acid[39] having a melting point of 134° to 137° C.

Anal. Calcd. for C,gH,0,: C, 78.65; H, 8.25. Found:
C, 78.50; H, 8.17.

Example 82B 1’-Hydroxy-1’-methylspiro(cyclohexane-

1,2'-indan)-4-one ethylene ketal [40]

A solution of 5 g. (0.019 M) of spiro(cyclohexane-
1,2'-indan)-1',4-dione 4-ethylene ketal [9] (prepared
as in Example 16B) in 60 ml. of tetrahydrofuran is
added to 67 ml. of 3M methyl magnesium bromide in
ether. After standing for about 17 hours at room tem-
perature, the mixture is cooled in ice and treated cau-
tiously with 50 mi. of saturated ammonium chloride.
The organic layer is separated, diluted with benzene
and washed with water and brine. The solution is evap-
orated to dryness and recrystallized from methylene
chloride: cyclohexane to give 3.7 g. (71%) of 1'-
hydroxy- 1'-methylspiro(cyclohexane-1,2’'-indan)-
4-one ethylene ketal [40], melting at 140° to 143° C.

Anal. Calcd. for C,;H,,04: C, 74.47; H, 8.08. Found:
C, 74.21; H, 8.09.

Following the procedure of Example 82B but substi-
tuting other spiro(cyclohexane-1,2'-indan)-1’,4-dione
4-ethylene ketals[9] as starting materials, such as 4'-
ethoxyspiro(cyclohexane-1,2'-indan)-1‘,4-dione ethyl-
ene ketal[9], yields,

4'-ethoxy-1’'-hydroxy-1'-methylspiro( cyclohexane-
1,2'-indan)-4-one ethylene ketal{40].

Example 83B 1’-Exo-methylenespiro(cyclohexane-

1,2'-indan)-4-one [41]

A solution of 9.82 g. (0.036 M) of 1’-hydroxy-1’-
methylspiro(cyclohexane-1,2'-indan)-4-one ethylene
ketal [40] (prepared as in Example 82B) and 25 ml. of
2.5 N hydrochloric acid in 250 ml. of acetone is stirred
at room temperature for about 17 hours. The solvent is
then removed under vacuum and the residue dissolved
in ether and water. The organic layer is washed with
water and brine and evaporated to dryness. The residue
is recrystallized from petroleum ether to give 5.12 g.
(67%) of 1’-exo-methylenespiro(cyclohexane-1,2’-
indan)-4-one[41], having a melting point of 60° to 62°
C. The NMR spectrum of this compound is in agree-
ment with its expected structure.

Following the procedure of Example 83B but substi-
tuting other 1'-hydroxy-1’'-methylspiro(cyclohexane-
1,2’-indan)-4-one ethylene ketals[40] as starting mate-
rials, such as

6’-chloro-1'-hydroxy-1'-methylspiro(cyclohexane-
1,2’-indan)-4-one ethylene ketal[40], yields,
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6'-chloro-1'-exo-methylenespiro(cyclohexane-1,2’'-
indan)-4-one[41].
Example 84B 1’'-Exo-methylenespiro(cyclohexane-
1,2'-indan)-4-0l(42]

A mixture of 2.17 g. (0.010 M) of 1'-exo-
methylenespiro(cyclohexane-1,2’-indan)-4-one[41]
(prepared as in Example 83B) and 0.75 g. of sodium
borohydride in 40 ml. of isopropanol is stirred at room
temperature for about 6 hours. The solvent is removed
under vacuum and the residue dissolved in water and
ether. The organic layer is washed with water and brine
and evaporated to dryness. The residue is chromato-
graphed on a column of 250 ml. of silica gel and eluted
with 20% acetone: Skellysolve B. There is obtained
0.08 g. of solid, having a melting point of 65° to 69° C.
and an NMR spectrum in agreement with the structure
of a compound having its hydroxy substituent in the
axial position, namely, 1’-exo-methylenespiro(cy-
clohexane-1,2'-indan)-4-trans-01{42]. This is followed
by a gum that crystallizes only in the presence of water,
giving 1.71 g. (78% yield) of product melting at 57° to
61° C. and an NMR spectrum in agreement with the
structure of a compound having its hydroxy substituent
in the equatorial position, namely, 1'-exo-methylenes-
piro(cyclohexane-1,2'-indan)-4-cis-ol[42].

Following the procedure of Example 84B but substi-
tuting other 1’'-exo-methylenespiro(cyclohexane-1,2'-
indan)-4-ones [41] as starting materials, such as

1.  4’-chloro-1'"-exo-methylenespiro(cyclohexane-
1,2'-indan)-4-one[41],

2. 5'-ethoxy-1'-exo-methylenespiro(cyclohexane-
1,2’-indan)-4-one[41], and the like,
yields, respectively,

1. trans and cis 4’-chloro-1'-exo-methylenespiro(cy-
clohexane-1,2'-indan)-4-0l{42],

2. trans and cis 5’-ethoxy-1'-exo-methylenespiro(cy-
clohexane-1,2'-indan)-4-0l[42], and the like.

Example 85B 1’-Exo-methylenespiro(cyclohexane-

1,2'-indan)-4-ol methanesulfonate [43]

To an ice cold solution of 4.26 g. (0.020 M) of 1'-
exo-methylenespiro(cyclohexane-1,2'-indan)-4-ol[42]
(prepared as in Example 84B) in 40 ml. of pyridine, 4.3
ml. of methanesuifonyl chloride is added. After about 7
hours the mixture is poured into ice: water. The gum
that precipitates is extracted with ether and the organic
layer washed successively with water, 2.5 N hydrochlo-
ric acid, water and brine, then evaporated to dryness.
The residue is recrystallized from a small amount of
methanol to give 4.82 g. (83%) of 1’-exo-methylenes-
piro{cyclohexane-1,2'-indan)-4-ol methanesul-
fonate[43], have a melting point of 72° to 74° C.

Anal. Calcd. for C;gH0,S: C, 65.72; H, 6.89; M.W.
292. Found: C, 65.12; H, 7.12; m/e 292.

Following the procedure of Example 85B but substi-
tuting other 1’-exo-methylenespiro(cyclohexane-1,2'-
indan)-4-ols[42] as starting materials, such as

7'-bromo-1’-exo-methylenespiro(cyclohexane-1,2’-
indan)-4-ol[42], yields,

7'-bromo-1'-exo-methylenespiro(cyclohexane-1,2’-
indan)-4-ol methanesulfonate[43].
Example 86B 1’-Exo-methylenespiro(cyclohexane-
1,2'-indan)-4-amine hydrochloride{I(b)]

A mixture of 5.65 g. (0.019 M) of 1'-exo-
methylenespiro(cyclohexane-1,2’-indan)-4-ol me-
thanesulfonate[43] (prepared as in Example 85B) and
5.65 g. of sodium azide is heated for about 17 hours in
an oil bath at about 90° C. The solvent is removed
under vacuum and the residue dissolved in benzene and
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water. The organic layer is washed with water and brine
and evaporated to dryness to give 1’-exo-methylenes-
piro(cyclohexane-1,2'-indan)-4-ylazide[44]. The resi-
due [44] in 80 ml. of tetrahydrofuran is added to 0.75
g- of lithium aluminum hydride in 10 ml. of tetrahydro-
furan. After about 5 hours at room temperature the
mixture is cooled in ice and treated successively with
0.75 ml. of water, 0.75 ml. of water, 0.75 ml. of 15%
aqueous sodium hydroxide solution and 2.25 ml. of
water. The inorganic gel is collected on a filter and the
filtrate evaporated to dryness. An ether solution of the
residue is treated with 6 N hydrogen chloride in ether.
The precipitated salt is recrystallized from methylene
chloride to give 3.08 g. (61%) of 1'-exo-methylenes-
piro(cyclohexane-1,2’-indan)-4-amine hydro-
chloride[L,(b)], having a melting point of 250° to 253°
C

Anal. Caled. for C;H,CIN.H,O: C, 67.29; H, 8.29;
N, 5.23. Found: C, 67.50; H, 7.92; N, 5.21.

Following the procedure of Example 86B but substi-
tuting other 1’'-exo-methylenespiro(cyclohexane-1,2’-
indan)-4-ol methansulfonates [43] as starting materi-
als, such as

5’-ethoxy-1’-exo-methylenspiro(cyclohexane-1,2’-
indan )-4-ol methanesulfonic{I(b)],
yields, :

5'-ethoxy-1’-exo-methylenespiro(cyclohexane-1,2’-
indan)-4-amine hydrochloride[I(b)].
Example 87B 1-[1'-Methylenespiro(cyclohexane-1,2’-
indan)-4-yl)piperidine[I(b)}]

The amine prepared from 1.41 g. (0.0056 M) of
1’-exo-methylenespiro(cyclohexane-1,2’-indan)-4-
amine hydrochloride[I(b)], 1.81 g. of 1,5-diiodopen-
tane and 1.55 g. of potassium carbonate in 15 ml. of
ethanol is stirred at reflux temperature for about 18
hours. The mixture is allowed to cool, diluted with
water and the solid collected on a filter. The solid is
recrystallized from methanol to give 1.05 g. (67%
yield) of 1-[1’'-methylenespiro(cyclochexane-1,2'-
indan)-4-yl]piperidine[I(b)], also named 1'-exo-
methylenespiro(cyclohexane-1,2'-indan)piperidine,
having a melting point of 93° to 95° C.

Anal. Calcd. for CyHy;N: C, 85.35; H, 9.67; N, 4.90.
Found: C, 85.58; H, 9.99; N, 5.24.

Following the procedure of Example 878 but substi-
tuting other 1'-exo-methylenespiro(cyclohexane-1,2'-
indan)-4-amine acid addition salts [I(b)] and other
dihaloalkanes in stoichiometrically appropriate
amounts as starting materials, such as

5’-chloro- 1’-exo-methylenspiro(cyclohexane-1,2'-
indan)-4-amine hydrochloride [I(b)] and 1,6-
dibromohexane, yields,

1-[5'-chloro-1’'-methylenespiro(cyclohexane-1,2'-
indan )-4-ylJhexamethyleneimine hydrochloride{I1(b)].
Example 88B 4’-Fluoro-4-[[1'-methylenespiro{cy-

clohexane-1,2'-indan)-4-ylJamino]butyrophenone
hydrochloride[I(b)]

A mixture of the free base obtained from 2 g. (0.0080
M) of  1’-exo-methylenespiro(cyclohexane-1,2'-
indan}-4-amine hydrochloride {I(b)] (prepared as in
Example 86B), 1.6 g. of potassium iodide, 2.49 g. of
potassium carbonate and 2.32 g. of the 2,2-dimethyl-
1,3-propanediol ketal of 4-chloro-4'-flucrobutyrophe-
none in 40 ml. of dimethylformamide is stirred in an oil
bath at about 90° C. for about 18 hours. The solvent is
then removed under vacuum and the residue dissolved
in benzene and water. The organic layer is washed with
water and brine and evaporated to dryness. The residue
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is stirred with 15 ml. of 2.5 N hydrochloric acid and 30

ml. of methanol for about 3 hours. The methanol is

then removed and the solid collected on a filter. This

material is recrystallized from methanol: ethyl acetate
to give 0.95 g. (29%) of 4’'-fluoro-4-[[ 1’-methylenes-
piro(cyclohexane-1,2’'-indan )-4-ylJamino ]butyrophe-

none hydrochloride[I(b)], having a melting point of

208° to 211° C.

Anal. Calcd. for C,sH,CIFNO: C, 72.53; H, 7.06; N,
3.38. Found: C, 72.20; H, 7.19; N, 3.68.

Following the procedure of Example 88B but substi-
tuting acid addition salts of other 1’-exo-methylenes-
piro(cyclohexane-1,2'-indan )-4-amines[1(b)] and
other w-haloalkanaryl ketones in stoichiometrically
appropriate amounts, such as

4'-chloro-1'-exo-methylenespiro(cyclohexane-1,2’-

indan)-4-amine hydrochloride[I(b)] and the 2,2-

dimethyl-1,3-propanediol ketal of 3-chloro-4'-methyl-

propiopnenone, yields,

4'-methyl-3-[[4'-chloro-1’-exo-methylenespiro(cy-
clohexane-1,2'-indan)-4-ylJamino]propiophenone hy-
drochloride[I(b)].

Example 89B Ethyl 1'-exo-methylenespiro(cyclohex-
ane-1,2'-indan)-4-carbamate[I(b)]

Following the procedure of Example 40B but substi-
tuting 1'-exo-methylenespiro(cyclohexane-1,2'-
indan)-4-amine hydrochloride[I(b)] (prepared as in
Example 86B) as starting material, yields, ethyl-1'-exo-
methylenespiro(cyclohexane-1,2'-indan)-4-car-
bamate[I(b)].

Following the procedure of Example 89B but substi-
tuting acid addition salts of other 1'-exo-methylenes-
piro(cyclohexane-1,2'-indan)-4-amines  {I(b)] and
other lower alky! haloformates, such as -

6'-chloro-1-exo-methylenespiro(cyclohexane-1,2'-
indan)-4-amine hydrochloride [I(b)] and butyl chloro-
formate,

yields,
butyl 6'-chloro-1'-exo-methylenespiro(cyclohexane-

1,2'-indan)-4-carbamate [I(b)].

Example 90B 1’-Exo-methylenespiro(cyclohexane-
1,2'-indan)-4-methylamine hydrochloride [I(b)]
Following the procedure of Example 43B but substi-

tuting ethyl 1'-exo-methylenespiro(cyclohexane-1,2"-

indan)-4-carbamate [I(b)] (prepared as in Example
89B) as starting material, yields 1’'-exo-methylenes-
piro(cyclohexane-1,2'-indan)-4-methylamine  hydro-

chloride {K(b)].

Following the procedure of Example 90B but substi-
tuting other lower alkyl 1'-exo-methylenespiro(cy-
clohexane-1,2'-indan)-4-carbamates [1(b)] as starting
materials, such as

butyl 5’'-ethoxy-1'-exo-methylenespiro(cyclohexane-
1,2'-indan)-4-carbamate [I(b)], yields,

5'-ethoxy-1’-exo-methylenespiro(cyclohexane-1,2'-
indan)-4-methylamine hydrochloride [I(b)], and the
like.

Example 91B 4’-Fluoro-4-[ methyl[ 1’-exo-methylenes-
piro(cyclohexane-1,2'-indan)-4-yl Jamino
butyrophenone hydrochloride [I(b}]

Following the procedure of Example 46B but substi-
tuting 1'-exo-methylenespiro(cyclohexane-1,2’-
indan )-4-methylamine hydrochloride [1(b)}] (prepared
as in Example 90B) as starting material, yields 4'-
fluoro-4-[ methyl{ 1'-exo-methylenespiro(cyclohexane-
1,2'-indan )-4-yljJamino Jbutyrophenone hydrochloride
[I(B)].
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Following the procedure of Example 91B but substi-
tuting acid addition salts of other 1'-exo-methylenes-
piro(cyclohexane-1,2"-indan)-4-lower alkylamines
[I(b)] and the 2,2-dimethyl-1,3-propanediol ketals of
other w-haloalkanaryl ketones in stoichiometrically
appropriate amounts, such as

7'-bromo-1'-exo-methylenespiro(cyclohexane-1,2’-
indan)-4-methylamine hydrochloride [I(b)] and the
2,2-dimethyl-1,3-propanediol ketal of S5-chloro-4'-
propylvalerophenone,
yields,

4'-propyl-5-[ methyl{ 7!-bromo-1’-exo-methylenes-
piro(cyclohexane-1,2’-indan)-4-yl Jamino]valerophe-
none hydrochloride [1(b)].

Example 1C 4-Benzyl-4-hydroxymethylcyclohexan-
1-one ethylene ketal(1)

A solution of 22.3 g. (0.77 M) of 4-benzyl-4-car-
bomethoxy-1-cyclohexaneone ethylene ketal [5] (pre-
pared as in Example 4B) in 220 ml. of tetrahydrofuran
is added to 3 g. of lithium aluminum hydride in 30 mi.
of tetrahydrofuran. The mixture is stirred at reflux
temperature for about 5.5 hours and then cooled in ice.
There is added successively 3 ml. of water, 3 ml. of
aqueous 15% sodium hydroxide solution and 9 ml. of
water. The inorganic gel is collected on a filter and the
filtrate evaporated to dryness. The residue is recrystal-
lized from methylene chloride: Skellysolve B to give
18.8 g. (93% yield) of 4-benzyl-4-hydroxymethylcy-
clohexan-1-one ethylene ketal (1), having a melting
point of 76° to 78° C.

Anal. Calcd. for C,4Hg,O;: C, 73.25; H, 8.45. Found:
C, 73.08; H, 8.65.

Following the procedure of Example 1C but substi-
tuting other 4-benzyl-4-carbomethoxy-1-cyclohexa-
none ethylene ketals {5] as starting materials, such as

1. 4-(p-methylbenzyl)-4-carbomethoxy-1-cyclohex-
ane ethylene ketal (5],

2. 4-(m-methoxybenzyl)-4-carbomethoxy-1-
cyclohexane ethylene ketal {5], and the like,
yields, respectively,

1. 4-(p-methylbenzyl)-4-hydroxymethylcyclohexan-
1-one ethylene ketal (1),

2. 4-(m-methoxybenzyl)-4-hydroxymethylcyclohex-
an-1-one ethylene ketal (1), and the like.

Example 2C 4-Benzyl-4-hydroxymethylcyclohexan-

1-one ethylene ketal methanesulfonate (2)

To an ice cold solution of 4-benzyl-4-hydroxymethyl-
cyclohexan-1-one ethylene ketal(1) (prepared in Ex-
ample 1C) in 100 ml. of pyridine, 19 ml. of methanesul-
fonyl chloride is added. After standing in the cold for
about 5.5 hours, the mixture is poured into ice: water.
The gum that precipitates is extracted with ether. The
organic layer is washed successively with water, ice
cold 2.5 N hydrochloric acid, water, saturated aqueous
sodium bicarbonate solution and brine, and then evap-
orated to dryness. The residual solid is recyrstallized
from methylene chloride: Skellysolve B to give 21.1 g.
(86%) of 4-benzyl-4-hydroxymethylcyclohexan-1-one
ethylene ketal methanesulfonate (2).

Following the procedure of Example 2C but substi-
tuting other 4-benzyl-4-hydroxymethylcyclohexan-
1-one ethylene ketals (1) as starting materials, such as

1. 4-(p-ethoxybenzyl)-4-hydroxymethylcyclohexan-
1-one ethylene ketal (1), i

2. 4-(m-propionylamidobenzyl)-4-hydroxymethylcy-
clohexan-1-ethylene ketal (1), and the like,
yields, respectively,
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1. 4-(p-ethoxybenzyl)-4-hydroxymethylcyclohexan-
1-one ethylene ketal methanesulfonate (2),

2. 4-(m-propionylamidobenzy!)-4-hydroxymethylcy-
clohexan-1-one ethylene ketal methanesulfonate (2),
and the like.

Example 3C 4-Benzylcyclohexan-4-acetic acid-1-one

ethylene ketal (4)

1. A mixture of 18.6 g. (0.055 M) of 4-benzyl-4-
hydroxymethylcyclohexan-1-one ethylene ketal meth-
anesulfonate (2) (prepared as in Example 2C) and 18
g. of potassium cyanide in 180 ml. of hexamethylphos-
phoramide is heated for about 17 hours in an oil bath at
about 145° C. The resulting gel is allowed to cool,
diluted to 800 ml. with water and extracted with ben-
zene. The organic layer is washed with water and brine
and evaporated to dryness. The residue is chromato-
graphed on 1 1. of silica gel and eluted with 25% ethyl
acetate in Skellysolve B and the fractions found similar
by TLC pooled to give 4-benzyl-4-cyanocyclohexan-
1-one ethylene ketal (3).

2. The product (3), obtained in part (1), above, is
heated with 14.5 g. of potassium hydroxide in 105 ml.
of ethylene glycol for about 17 hours. The mixture is
then allowed to cool, diluted with water and washed
once with ether. The aqueous layer is then covered
with ether and cautiously acidified. The organic layer
separated, washed with brine and evaporated to dry-
ness. The residue is recrystallized from cyclohexane to
give 12.3 g. (77%) of 4-benzylcyclohexan-4-acetic
acid-1-one ethylene ketal (4), melting at 116° to 118°
C. The analytical sample has a melting point of 118° to
120° C.

Anal. Calcd. for C,;Hg,0,: C, 70.32; H, 7.64. Found:
C, 70.50; H, 7.83.

Following the procedure of Example 3C but substi-
tuting other 4-benzyl-4-hydroxymethylcyclohexan-
1-one ethylene ketals (2) as starting materials, such as

1. 4-(o-aminobenzyl)-4-hydroxymethylcyclohexan-
1-one ethylene ketal methanesulfonate (2),

2. 4-(m-fluorobenzyl)-4-hydroxymethylcyclohexan-
l1-one ethylene ketal methanesulfonate (2), and the
like,
yields, respectively,

1. 4-(0-aminobenzyl(cyclohexan-4-acetic acid-1-one
ethylene ketal (4),

2. 4-(m-fluorobenzyl)cyclohexan-4-acetic-acid-
1-one ethylene ketal (4), and the like.

Example 4C 4-Benzylcyclohexan-4-acetic acid-1-one
(5

A solution of 12.3 g. of 4-benzylcyclohexan-4-acetic
acid-1-one ethylene ketal (4) (prepared in Example
3C) and 18 ml. of 2.5 N hydrochioric acid in 180 ml. of
acetone is stirred at room temperature for about 62
hours. Most of the solvent is removed under vacuum
and the residue dissolved in ether and water. The or-
ganic layer is washed with water and brine and evapo-
rated to dryness. The residue is recrystallized from
ether: Skellysolve B to give 7.94 g. (76%) of 4-benzyl-
cyclohexan-4-acetic acid-1-one (5), having a melting
point of 85° to 87° C. The analytical sample has a melt-
ing point of 91° to 92° C.

Anal. Calcd. for C,sH,405: C, 73.15; H, 7.37. Found:
C, 73.01; H, 7.58.

Following the procedure of Example 4C but substi-
tuting other 4-benzylcyclohexan-4-acetic acid-1-one
ethylene ketals (4) as starting materials, such as

1. 4-(p-ethoxybenzyl)cyclohexan-4-acetic
1-one ethylene ketal (4),

acid-
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2. 4-(m-nitrobenzyl)cyclohexan-4-acetic acid 1-one
ethylene ketal (4), and the like,
yields, respectively,

1. 4-(p-ethoxybenzyl)cyclohexan-4-acetic
1-one (5),

2. 4-(m-nitrobenzyl )cyclohexan-4-acetic acid-1-one
(5), and the like.

Example 5C 3',4'-Dihydrospiro{cyclohexane-1,2'(-

1'H)-naphthalene]-4’,4-dione (6)

A solution of 6.43 g. (0.026 M) of 4-benzylcyclohex-
an-4-acetic acid-1-one (5) (prepared as in Example
4C) in 40 ml. of freshly distilled hydrogen fluoride is
allowed to evaporate at room temperature for about 62
hours. The residue is dissolved in methylene chloride
and this solution is washed successively with aqueous
sodium bicarbonate solution, water and brine. The
solution is evaporated to dryness and chromatographed
on a column of 650 ml. of silica gel and eluted with
20% acetone: Skellysolve B. The crystalline fractions
are combined and recrystallized from 20% acetone:
Skellysolve B to give 1.95 g. (33%) of 3’,4'-dihydros-
piro[ cyclohexane-1,2'(1’'H)-naphthalene-4',4-dione
(6), having a melting point of 158° to 160° C.

Anal. Caled. for C,sH,;sO: C, 78.92; H, 7.06; M.W.
228. Found: C, 78.69; H, 7.31; m/e 228.

Following the procedure of Example SC but substi-
tuting other 4-benzylcyclohexan-4-acetic acid-1-ones
(5) as starting materials, such as

1. 4-(6'-methylaminobenzyl )cyclohexan-4-acetic
acid-1-one (5),

2. 4-(7'-chlorobenzyl)cyclohexan-4-acetic
1-one (5), and the like,
yields, respectively,

1. 3",4'-dihydro[ 6'-methylaminospiro[ cyclohexane-
1,2'(1’H)-naphthalene]-1',4-dione (6),

2. 3',4'-dihydro[7’'-chlorospiro[cyclohexane-1,2'(-
1’"H)naphthalene}-1’,4-dione (6), and the like.
Example 6C 3',4'-Dihydrospiro{cyclohexane-1,2'(-

1'H)-naphthalene]-4',4-dione, 4-(ethylene ketal)

)]

A mixture of 2.65 g. (0.012 M) of 3',4’-dihydros-
piro[cyclohexane-1,2'(1'H)-naphthalene]-4’,4-dione
(6) (prepared as in Example 5C), 0.72 g. (0.65 ml.) of
ethylene glycol and 0.20 g. of p-toluenesulfonic acid in
100 ml. of benzene is heated at reflux under a Dean-
Stark trap for about 14 hours. The mixture is allowed to
cool, washed with aqueous sodium bicarbonate solu-
tion and brine and evaporated to dryness. The residue
is chromatographed on a 300 ml. column of silica gel
and eluted with 25% ethyl acetate: Skellysolve B to give
2.2 g. (70%) of 3',4'-dihydrospiro[cyclohexane-1,2(-
1"H)-napththalene]4’,4-dione, ethylene ketal (7),
melting at 90° to 91.5° C.

Anal. Calcd. for C,;H,,05: C, 74.97; H, 7.40. Found:
C, 75.00; H, 7.66.

Following the procedure of Example 6C but substi-
tuting other 3',4'-dihydrospiro{cyclohexane-1,2'(-
1'H)-naphthalene]-4',4-diones (6) as starting materi-
als, such as

1. 3',4'-dihydro[ 5'-propoxyspiro{cyclohexane-1,2'(-
1'H)-naphthalene]-1’,4-dione (6),

2. ¥ ,4'-dihydro[6'-dihydro[ 6'-ethylspiro{ cyclohex-
ane-1,2'(1'H)-naphthalene}-4',4-dione (6), and the
like,
yields, respective

1. 3’,4'-dihydro[ 5'-propoxyspiro[ cyclohexane-1,2(-
1'H)-naphthalene]-4',4-dione, 4-(ethylene ketal) (7),

acid-

acid-
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2. 3',4'-dihydro[ 6'-ethylspiro[ cyclohexane-1,2'(-
1'H)-naphthalene]-4',4-dione, 4-(ethylene ketal) (7),
and the like.

Example 7C 3',4'-Dihydrospiro[cyclohexane-1,2'(-

1'H) -naphthalene]-4-one, ethylene ketal (8)

A mixture of 2.2 g. (0.081 M) of 3’ ,4'-dihydrospiro( -
cyclohexane-1,2'(1'H)-naphthalene]-4',4-dione,  4-
(ethylene ketal) (7) (prepared in Example 7C), 1.2 ml.
of hydrazine hydrate and 1.6 g. of potassium hydroxide,
is treated at reflux for about 1 hour. Solvent is removed
by distillation to bring the temperature of the reaction
mixture to about 200° C., and the refluxing is continued
for about 17 hours. The mixture is then poured into
water and extracted with ether. The organic layer is
washed with water and brine and evaporated to dry-
ness. The residue is recrystallized from petroleum ether
to give 1.86 g. (88%) of 3’,4'-dihydrospiro[cyclohex-
ane-1,2'(1'H)-naphthalen] 4-one, ethylene ketal (8),
having having a melting point of 79° to 82° C.

Anal. Calcd. for C,;H,,0,: C, 79.03; H, 8.59. Found:
C, 79.14; H, 8.72.

Following the procedure of Example 7C but substi-
tuting other 3',4'-dihydrospiro[cyclohexane-1,2'(-
1’"H)-naphthalene}-4',4-dione, 4-(ethylene ketals) (7)
as starting materials, such as

3’,4’-dihydro[ 7’ -nitrospiro[ cyclohexane-1,2'(1'H)-
naphthalene]-4',4-dione, 4-(2,2-dimethyltrimethylene
ketal) (7)
yields,

3',4'-dihydro[74 -nitrospiro{cyclohexane-1,2'(1'H)-
naphthalene]-4-one, ethylene ketal (8).

Example 8C 3',4’-Dihydrospiro|cyclohexane-1,2(-

1’H)-naphthalen]-4-ol (10)

1. A mixture of 1.86 g. (0.0072 mole) of 3',4'-dihy-
drospiro| cyclohexane-1,2'(1'H)-naphthalene ]-4-one,
cthylene ketal (8) (prepared in Example 7C) and 2 ml.
of 2.5 N hydrochloric acid in 40 ml. of acetone is
heated at reflux for about 17 hours. Most of the solvent
is removed under vacuum and the residue dissolved in
water and ether. The organic layer is washed with water
and brine and then evaporated to dryness to give 3',4'-
dihydrospiro[cyclohexane-1,2'(1'H)-naphthalene]-
4-one (9).

2. The residue (9), obtained in part (1), above, is
dissolved in 50 ml. of 95% isopropanol and treated with
1 g. of sodium borohydride. After about 5 hours the
solvent is removed under vacuum and the residue dis-
solved in water and ether. The organic layer is washed
with water and brine, evaporated to dryness, the crude
product chromatographed on a 170 ml. column of
silica gel and eluted with methylene chloride. There is
first obtained 0.24 g. of starting material (8). The prod-
uct fractions are combined and recrystallized from
Skellysolve B to give 0.65 g. (42%) of 3',4’-dihydros-
pirofcyclohexane-1,2'(1'H)-naphthalen]-4-.0l  (10),
melting at 78° to 82° C.

Anal. Calcd. for C;H,,0O: C, 83.28; H, 9.32. M.W.
216. Found: C, 83.37; H, 9.43, m/e 216.

Following the procedure of Example 8C but substi-
tuting other 3’,4'-dihydrospiro[cyclohexane-1,2'(-
1'H)-naphthalen]-4-one, ethylene ketals (8) as starting
materials, such as

3',4"-dihydro[ 6'-fluorospiro{ cyclohexane-1,2'(1'H)-
naphthalen]-4-one, 2,2-dimethyltriethylene ketal (8),
yields,

3,4'-dihydro[6’-fluorospiro[ cyclohexane-1,2"(1'H)-
naphthalen}-4-ol (10).
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Example 9C 3’,4’-Dihydrospiro[cyclohexane-1,2'(-

1'H)-naphthalen}-4-ol methanesulfonate (11)

To an ice cold solution of 2.16 g. (0.01 M) of 3',4'-
dihydrospiro{cyclohexane-1,2’( 1'H)-naphthalen]-4-ol
(10) (prepared as in Example 8C) in 10 ml. of pyridine,
2 ml. of methanesulfonyl chloride is added. After about
4 hours in the cold, the mixture is poured onto ice:
water. The resulting solid precipitate is collected on a
filter and recrystallized from ether: petroleum ether to
give 2.52 g. (86%) of 3’,4’-dihydrospiro[ cyclohexane-
1,2'(1'H)-naphthalen]-4-ol methansulfonate (11),
melting at 66° to 69° C.

Anal. Calcd. for C,gH,,0,8: C, 65.27; H, 7.53.
Found: C, 65,38; H, 7.54.

Following the procedure of Example 9C but substi-
tuting other 3',4'-dihydrospiro[cyclohexane-1,2"(-
1'H)-naphthalen]-4-ols (10) and other lower alkyl
sulfonyl halides as starting materials, such as

3’,4'-dihydro[ 5'-ethoxyspiro{ cyclohexane-1,2"(-
1’H)-naphthalen]-4-ol (10) and propane sulfonyl bro-
mide,
yields,

3',4'-dihydro[ 5'-ethoxyspiro[cyclohexane-1,2"(-
1'H)-naphthalene]-4-ol propanesulfonate (11).
Example 10C 3',4'-Dihydrospiro[cyclohexane-1,2'(-

1'H)-naphthalen]-4-ylamine hydrochloride [I(c)]

A mixture of 2.52 g. (0.0085 M) of 3',4’-dihydros-
piro[cyclohexane-1,2’(1'H)-naphthalen}-4-01 meth-
anesulfonate (11) (prepared in Example 9C) and 2.5 g.
of sodium azide in 25 ml. of dimethylformamide is
heated for about 17 hours in an oil bath at about 90° C.
The solvent is then removed under vacuum and the
residue, 3’,4'-dihydrospiro[ cyclohexane-1,2'(1'H)-
napthalen]-4-ylazide, dissolved in benzene and water.
The organic layer is washed with water and brine and
evaporated to dryness. A solution of the residue in 60
ml. of tetrahydrofuran is added to 0.35 g. of lithium
aluminum hydride in 10 ml. of tetrahydrofuran. After
stirring for about 4 hours at room temperature, the
mixture is cooled in ice and treated successively with
0.35 ml. of water, 0.35 ml. of aqueous 15% sodium
hydroxide solution and 1.05 ml. of water. The resulting
inorganic gel is collected on a filter and the filtrate
evaporated to dryness. A solution of the residue in
ether is treated with 6 N hydrogen chloride in ether.
The resulting solid is recrystallized from methylene
chloride: ethyl acetate to give 1.65 g. (77%) of 3',4'-
dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-
ylamine hydrochloride [I{c)], melting at 208° to 211°
C.

Following the procedure of Example 10C but substi-
tuting other 3',4’-dihydrospiro[cyclohexane-1,2'(-
1'H)-naphthalen]-4-ol lower alkylsulfonates (11) as
starting materials, such as

3',4'-dihydro[ 6'-fluorospiro[ cyclohexane-1,2(1'H)-
naphthalen]-4-ol propanesulfonate (11), yields,

3',4’-dihydro[ 6'-fluorospiro{ cyclohexane-1,2’(1'H)-
naphthalen]-4-ylamine hydrochloride [I(c)].

Example 11C 1-[3',4'-dihydrospiro[cyclohexane-

1,2'(1"H)-naphthalen]-4-yl]piperidine [I(c)]

The amine prepared from 1.5 g. of 3’,4’-dihydros-
piro[cyclohexane-1,2’'(1'H)-naphthalen]-4-ylamine
hydrochloride [I(c)] (prepared as in Example 10C),
1.9 g. of 1,5-diiodopentane and 1.6 g. of potassium
carbonate in 18 ml. of ethanol is stirred at reflux tem-
perature for about 18 hours. The mixture after cooling
is diluted with water, the solid collected on a filter and
recrystallized from methanol to give 1-[3',4’-dihydros-
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piro[cyclohexane-1,2'(1'H)-naphthalen]-4-yl]piperi-
dine [I(c)].

Following the procedure of Example 11C but substi-
tuting acid addition salts of the same and other 3',4'-
dihydrospiro[cyclohexane-1,2'(1'H)-naphthalen]-4-
ylamines [I(c)] and other dihaloalkanes, such as

1. 3',4'-dihydrospiro[cyclohexane-1,2'(1'H)-naph-
thalen]-4-ylamine [I(c)] and 1,4-diiodobutane,

2. 3',4'-dihydrospiro{cyclohexane-1,2’(1'H)-naph-
thalen]-4-ylamine [I(c)] and 1,6-diiodohexane,

3. 5’-bromospiro[cyclohexane-1,2’(1'H)-naph-
thalen]-4-ylamine [I(c)] and 1,5-ditodopentane, and
the like,
yields, respectively,

1. 1-[3’,4’-dihydrospiro[cyclohexane-1,2"(1'H)-
naphthalen]-4-y! pyrrolidine [I(c)],

2. 1-[3',4’-dihydrospiro[cyclohexane-1,2'(1'H)-
naphthalen]-4-yl hexamethyleneimine [I(c)],

3. 1-[5'-bromospiro[cyclohexane-1,2'(1'H)-naph-
thalen]-4-yl piperidine [I{(c)], and the like.

Example 12C 4'-Fluoro-4-{[3',4’-dihydrospiro[cy-
clohexane-1,2'(1'H)-naphthalen]-4-ylJaminoJ-
butyrephenone hydrochloride [I(c)]

The free base from 1.65 g. (0.0066 M) of 3',4’-dihy-
drospiro[ cyclohexane-1,2'(1’"H)-naphthalen]-4-yla-
mine hydrochloride [I(c)] (prepared in Example 10C),
1.34 g. of potassium iodide, 2.06 g. of potassium car-
bonate and 1.9 g. of the 2,2-dimethyl-1,3-propanediol
ketal of 4-chloro-4'-fluorobutyrophenone in 35 ml. of
dimethylformamide are heated in an oil bath at about
90° C. for about 18 hours. The solvent is removed
under vacuum and the residue that remains is dissolved
in benzene and water. The organic layer is washed with
water and brine and evaporated to dryness. A mixture
of the residue and 10 ml. of 2.5 N hydrochloric acid in
20 ml. of methanol is stirred at room temperature for
about 4 hours. The methanol is then removed under
vacuum and the solid collected on a filter. This material
is recrystallized twice from methylene chloride: ethyl
acetate to give 1.07 g. (39% yield) of 4’'-fluoro-4-
{[(3',4'-dihydrospiro[ cyclohexane-1,2'(1'H)-naph-
thalen]-4-yl]Jamino]butyrophenone hydrochloride
{I(c)], having a melting point of 182° to 184° C.

Anal. Calcd for CosH;,CIFNO: C, 72.18; H, 7.51; N,
3.37; M.W. 379. Found: C, 72.20; H, 7.53. N, 3.47,
m/e 379.

Following the procedure of Example 12C but substi-
tuting another 3',4'-dihydrospirofcyclohexane-1,2"(-
1’H)-naphthalen]-4-ylamine [I(c)] as starting material
and the 2,2-dimethyl-1,3-propanediol ketal of another
w-haloalkanaryl ketone, such as

5’-bromospiro[cyclohexane-1,2'(1’H)-naphthalen]-
4-ylamine hydrochloride {I(c)] and the 2,2-dimethyl-
1,3-propanediol ketal of 4'-bromo-4-chlorobutyrophe-
none, yields,

4'-bromo-4-[ [5'-bromospiro cyclohexane-1,2'(-
1'H)-naphthalen]-4-yl]amino]butyrophenone hydro-
chloride [I(c)].

Example 13C Ethyl 3,4'-dihydrospiro[cyclohexane-
1,2'(1’H)-naphthalene]-4-carbamate [I(c)]

To an ice cooled solution of the free base prepared
from 1.5 g. of 3',4’-dihydrospiro[cyclohexane-1,2"(-
1’H)-naphthalen]-4-ylamine  hydrochloride [I(c)]
(prepared as in Example 10C) in 12 ml. of pyridine, 1
ml. of ethyl chloroformate is added. The mixture is
allowed to stand in the cold for about 5 hours and then
poured into ice water. The solid that precipitates is
collected on a filter and recrystallized from methylene
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chloride: benzene to give ethyl 3',4’-dihydrospiro[cy-

clohexane-1,2'(1'H)-naphthalene ]-4-carbamate

[I{e)].

Following the procedure of Example 13C but substi-
tuting another 3',4'-dihydrospiro[cyclohexane-1,2'(-
1'H)-naphthalen]-4-ylamine [I(c)] as starting material
and another lower alkyl haloformate, such as

5’-ethoxyspiro{cyclohexane-1,2'(1'H)-naphthalen]-
4-ylamine [I(c)] and propyl bromoformate, and the
like, yields,

propyl 5'-ethoxyspiro[cyclohexan-1,2'(1'H)-naph-
thalene]-4-carbamate [I(c)].

Example 14C 3’,4'-Dihydrospiro[cyclohexane-1,2'(-
1'H) -naphthalen]-4-yl-N-methylamine hydrochlo-
ride [I(¢c)]

To a suspension of 0.22 g. of lithium aluminum hy-
dride in 10 ml. of tetrahydrofuran, a tetrahydrofuran
solution of 1.3 g. of ethyl 3',4’-dihydrospiro[cyclohex-
ane-1,2’'-(1'H)-naphthalene}-4-carbamate [I(c)] (pre-
pared as in Example 13C) is added. The mixture is
stirred at reflux temperature for about 6 hours, at room
temperature for about 18 hours, and cooled in an ice
bath. To this is added sucessively, 0.22 ml. of water,
0.22 ml. of 15% aqueous sodium hydroxide solution
and 0.66 ml. of water. The resulting inorganic gel is
collected on a filter, rinsed with ether and the filtrates
evaporated to dryness. The residue is dissolved in a
small amount of ether and treated with an excess of 6.4
N hydrogen chloride in ether. The resulting precipitate
is collected on a filter and recrystallized from metha-
nol: ethyl acetate to give 3',4’-dihydrospiro{cyclohex-
ane-1,2'(1'H)-naphthalen]-4-yl-N-methylamine ~ hy-
drochloride [I(c)].

Following the procedure of Example 14C but substi-
tuting another lower alkyl 3',4’-dihydrospiro[ cyclohex-
ane-1,2'-(1'H)-naphthalene]-4-carbamate [I(c)] as
starting material, such as

ethyl 5’-isopropylspiro[ cyclohexane-1,2"(1'H)-
naphthalene ]-4-carbamate {1(c)], yields,

5'-isopropylspirof{ cyclohexane-1,2'(1'H)-naph-

thalen}-4-yl-N-methylamine hyrochloride [I(c)].

Example 15C 4'-Fluoro-4-[3',4'-dihydrospiro[cy-
clohexane-1,2'(1'H)-naphthalen]-4-yl-N-
methylamino]-butyrophenone hydrochloride [I(c)]
A mixture of the free base prepared from 0.81 g. of

3’,4’-dihydrospiro[ cyclohexane-1,2'(1'H)-naph-
thalen ]-4-yl-N-methylamine hydrochloride [1(c)] (ob-
tained as in Example 14C), 0.63 g. of potassium iodide,
0.96 g. of potassium carbonate and 0.87 g. of the 2,2-
dimethyl-1,3-propanediol  ketal of 4-chloro-4'-
fluorobutyrophenone in 15 ml. of dimethylformamide
is heated together in an oil bath at about 90° C. for
about 20 hours. The solvent is removed under vacuum
and the residue dissolved in water and benzene. The
organic layer is washed with water and brine and evap-
orated to dryness. A mixture of the residue, 6 ml. of 2.5
N hydrochloric acid and 12 ml. of methanol is stirred at
room temperature for about 1.5 hours and most of the
methanol removed under vacuum. The residual sus-
pended solid is collected on a filter, washed with ether
and recrystallized from methanol: ethyl acetate to give
4'-fluoro-4-[3',4'-dihydrospiro[ cyclohexane-1,2'(-
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1"'H)-naphthalen ]-4-yl-N-methylamino Jbutyrophe-
none hydrochloride [I(c)].

Following the procedure of Example 15C but substi-
tuting another 3',4’'-dihydrospiro[cyclohexane-1,2'(-
1'H)-naphthalen]-4-yl-N-lower alkylamine [I(c)] as
starting material and the 2,2-dimethyi-1,3-propanediol
ketal of another w-haloalkanaryl ketone, such as

1. 6'-bromospiro[ cyclohexane-1, 2 (1'H)-naph-
thalen]-4-yl-N-methylamine [I(c)] and the 2,2-dimeth-
yl-1,3-propanediol ketal of 4-chloro-4'-methox-
ybutyrophenone

2. 5’-propoxyspiro{ cyclohexane-1,2’(1"H)-naph-
thalen]-4-yl-N-ethylamine [I(c)] and the 2,2-dimethyl-
1,3-propanediol ketal of 4-chloro-2'-ethylbutyrophe-
none, and the like,
yields, respectively,

1. 4’-methoxy-4-[6'-bromospirof cyclohexane-1,2'(-
1"H)-naphthalen }-4-yl-N-methylamino ]butyrophe-
none hydrochloride [I(c)],

2. 2'-ethyl-4-[5'-propoxyspiro[cyclohexane-1,2'(-
1'H)-naphthalen]-4-yl-Nethylamino]butyrophenone
hydrochloride [I(c)], and the like.

I claim:

1. A compound of the formula

B /R'

A \R’
wherein the sum of A and B is an integer of from 2 to
8; A is —(C,Hz,.2XY)— wherein X is hydroxy, and Y
is hydrogen, and X, when taken together with Y, is
selected from the group consisting of =O and =CRR*
wherein R? and R* are selected from the group consist-
ing of hydrogen and lower alkyl of 1 through 3 carbon
atoms; B is absent or —(CH;),— wherein n is 1
through 3; R! is selected from the group consisting of

hydrogen and lower alkyl of 1 through 3 carbon atoms;
R? is

]
—(CH,),CAr

wherein n is 2 through 5 and Ar is phenyl having zero
through three substituents selected from the group
consisting of lower alkyl of 1 through 3 carbon atoms,
lower alkoxy of 1 through 3 carbon atoms, bromine,
chlorine and fluorine; Z is selected from the group
consisting of hydrogen, lower alkyl of | through 3 car-
bon atoms, lower alkoxy of 1 through 3 carbon atoms,
nitro, bromine, chlorine and fluorine; and a pharmaco-
logically acceptable acid addition salt thereof.

2. A compound of claim 1 wherein the compound is
4'-fluoro-4'[1'-methylenespiro{cyclohexane-1,2'-
indan]-4-yl]amino]butyrophenone hydrochloride.

3. A compound of claim 1 wherein the compound is
butyl and the pharmacologically acceptable acid addi-
tion salt is that of hydrochloric 4'-fluoro-4-[[1'-
hydroxyspiro[cyclohexane-1,2’-indan]-4-yl Jamino]-
butyrophenone hydrochloride.

* 0k ok k%



